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EXECUTIVE SUMMARY

ii
i
ii

This report details the results of a treatability laboratory study performed by
Keystone Environmental Resources, Inc. (Keystone). This study was designed to
technically evaluate selected treatment technologies for their feasibility for treating
South CaKalcade site soil and groundwater samples which contain elevated
concentrations of the site chemicals ofinterest.

This site is called the South Calvalcade site and it is located in Houston Texas. A
wood preserving plant formerly owned by the Koppers Corporation was previously
operated at this site, and coal tar and creosote compounds were used in the process,
and therefore comprise the majority of the site chemicals of interest.

Groundwater and Soil Samples

The groundwater used in this treatability study was a composite from wells OW-10
and OW-ll, located in the formerly identified process area. The groundwater
sampled settled relatively oil and solids free, by quiescent gravity settling, with small
oil layers on top and on the bottom of the water samples. Therefore supernatant
from the middle portions of the settled 55 gallon barrels was used for all groundwater
testing experiments.

Soil samples were collected from area A-04 identified as an old creosote dumping
area, between soil borings A04-SB01 and A04-SB02. Two 5 gallon buckets were
taken from a depth of 10-11 feet, and one bucket was sampled from the surface to 1
foot deep. Both of these sample depths contained PAH compounds at elevated
concentration levels • as high as 8 g Total PAH/1 Kg Soil (0,8%). Measurements of
PAH soil concentrations varied widely despite good sampling and analytical
techniques used, due to the heterogeneous nature of the contaminated soil matrix. A
statistical analysis was performed on the six measured PAH concentrations of the
untreated raw soil samples obtained in this laboratory work. The average mean
PAH concentration obtained was 3.7 g Total PAH/1 Kg soil (0.37%). This mean
concentration value was used throughout the study as the raw untreated soil PAH
concentration value.

o
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Polymer Treatment

Polymer treatment of site groundwater for oil water separation was performed using
tandard jar tesnng techn iques. Various types an dosages of powers were teste o

£ f ' n °" ?aSC im° a Stable Slud*e- The <- -ost successfultested were Drew Chemical Company's products:

Amerfloc
Amerfloc

Amerfloc
Amerfloc

10 @ 300 ppm
5,260 @ 4 ppm
and
10 @ 300 ppm
5270 @ 4 ppm

The sludge generation estimate from the jar testing experiments was 11 .2 gallons of
wet sludge produced per every 1000 gallons of groundwater polymer treated (1.12
vol. %). Oil and grease concentrations were reduced over 90% by polymer
treatment, and over 86% by physical separation alone. The PAH concentration was
reduced 73% in the physical separation test, indicating that the majority of PAH
components are in the oil phase. Therefore polymer additions for oil/water
separation were unnecessary for the groundwater samples used throughout thelaboratory testing work.

UV'Oxidation

Chemical oxidation testing using ozone in conjunction with ultraviolet light was
performed. An ozone/UV screening run was first performed in order to determine
the optimum ozone dosage rate for treating the site groundwater. The treatment
indicator parameters monitored in this screening run were pH, TOC, phenol (4-
AAP), and naphthalene. The average ozone utilization rate was 59 percent and the
optimum ozone dosage was 285 mg/1 (a 10 minute reaction time).

A plot of both phenol and naphthalene concentrations versus ozone applied was
drawn using a least squares regression fit technique. The slope of these lines k, is the
first order decay rate constant. This k rate constant is a measure of the performance
of the test, i.e. a negative k fate indicates reduction of the monitored indicator
parameter, a positive k rate indicates an increase in concentration of the monitored
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parameter. The lower the k rate, the better the performance obtained in the
ozone/UV screening run test. The k rates obtained in the screening run tests were;

Phenols (4-AAP) = -0.0077
Naphthalene = -0,0046

The influent phenols (4-AAP) concentration of 4.95 mgrt was reduced 98.9% to 0.053
mgfl after 10 minutes of ozone/UV treatment, the naphthalene influent
concentration of 65.1 ug/1 showed an increase to 459 ug/1 after 3 minutes of
ozone/UV treatment, then decreased steadily thereafter until it was below the
detectable concentration limit after 30 minutes of ozone/UV treatment.

A final sampling ozone/UV run was performed at an ozone dosage of approximately
285 mg/i (a 10 minute reaction time). Enough batch runs were performed to
generate sufficient sample for all of the site chemicals of interest.

The average ozone utilization efficiency obtained was 57 percent, duplicating that of
the screening run test. Also duplicated was the reduction in phenols (4-AAP) at 98.4
percent after 10 minutes of ozone/UV treatment. The pH of the groundwater
changed very little by the ozone/UV treatment, 6,7 Jo 6,4. No effect was seen for
most of the other conventional pollutants or metals. Total PAH concentration was
reduced 52.5 percent, with the lower molecular weight 2 and 3 ring PAH components
showing higher levels of reduction.

The groundwater tested "toxic" in the Microtox™ bioassay test both before and
after ozone/UV treatment. The ozone/UV treated effluent decreased in Microtox
toxicity by 8 percent.

Activated Carbon

The feasibility of treating site groundwater with activated carbon was tested using
both isotherm testing and packed column testing. The isotherm work was performed
by Keystone and will be descrir^djirst. The column testing was subcontracted to the
Calgon Corporation laboratories in Pittsburgh Pennsylvania which used their
Accelerated CartxmT^sting (ACT) test method.

o
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The isotherm experiments performed by Keystone utilized Calgon's F-300 granular
activated carbon, pulverized so that 95 wt. % passed through a 325 mesh screen.
Twelve different weight ratios of activated carbon to site groundwater were shaken
for 1 hour and then the liquid was separated from the carbon by filtering. The liquid
phase was analyzed for TQC, phenol and pH.

The maximum adsorption capacity of the activated carbon for naphthalene, phenol
and TOC were estimated by plotting the concentration of the parameter in solution
(at equilibrium) versus the total weight of the parameter adsorbed per unit weight of
carbon. The best fit line for the data was drawn by a computer program using a
linear regression technique and an equation which describes the line drawn, was
generated. Solving this equation for the influent concentration of each parameter
yielded the maximum adsorption capacity for that parameter by the F-300 activated
carbon, for the groundwater tested.

Based upon an influent concentration of 2.74 mg/I of naphthalene, the estimated
carbon usage from the isotherm testing is 0.85 pounds per 1000 gallons of
groundwater treated. The estimated carbon usage rate for an influent TOC
concentration of 56 mg/1 is 2.08 pounds per 1000 gallons of groundwater treated.
The estimated carbon usage rate for an influent phenols (4AAP) concentration of
7.45 mg/1 is 4.67 pounds per 1000 gallons of groundwater treated.

ACT Results

Keystone contracted the Calgon Corporation to perform their Accelerated Curbon
Test (ACT) on a sample of gravity settled site groundwater supplied to them by
Keystone. The ACT test simulated carbon adsorption treatment in a packed carbon
column.

The report received from Calgon is included as Appendix 9A of this Keystone
Treatabiliry Report. The results of the ACT indicate that for the gravity settled
sample of site groundwater tested phenolics will be the limiting factor, followed by
TOC, and finally the naphthalene. Carbon usage rates obtained by Calgon agree
closely with those obtained by Keystone. The estimated carbon usage for ja. TOC
influent of 58 ppm and an example treatment objective of 30 mg/I was 2.5 pounds per
1000 gallons of groundwater treated (Keystone's carbon isotherm estimate was 2.08
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pounds per 1000 gallons.) Calgon's carbon use estimate tor naphthalene at a 0.5
ppm example treatment limit was 1 pound per 1000 gallons, (Keystone's was O.S5
pounds per 1000 gallons). Calgon's carbon use estimate for phenols at a 0.5 ppm
example treatment limit was 2.75 pounds per 1000 gallons (Keystone's was 4.67
pounds per 1000 gallons.) The Calgon ACT was performed on an empty bed contact
time of 15 minutes. .,. . ...

Soil Washing

Keystone performed bench scale soil washing testing using the principles of froth
flotation aided by the addition of surfactants. A battery of screening tests were
performed testing different combinations and amounts of surfactants, test conditions,
number of wash cycles, etc., in order to optimize a soil washing procedure to
effectively clean both surface and subsurface soil samples from area A-04 at the site.

The best three screening run tests were chosen for both the surface and subsurface
soil samples. Three tests for each soil sample were run monitoring oil and grease,
methylene chloride extractables, and percent solids. Parameter removal rates
greater than 98% were seen for the subsurface soil samples tested, and greater than
95% removal rates for the surface sample. These screening tests utilized one 25
minute washing cycle, followed by a one minute rinse cycle* a 1:5 soil to water ratio,
and pH adjustments using sodium hydroxide.

Based on the results of the screening run tests a final washing test was performed on
each soil sample. The treatment indicator parameters used in the two final soil
washing runs were oil and grease, methylene chloride extractables, and PAH. The
high percent removals for oil and grease and methylene chloride extractables
achieved in the screening runs were duplicated in the final runs with greater than
97% removals achieved in both tests. The PAH removal rate was over 99% in the
subsurface soil sample and over 77% in the surface soil sample tested, as compared
to the mean soil PAH concentration obtained from the statistical analysis of the six
raw untreated soil samples tested.

Conditions of the final soil washing tests were: a 1:5 soil to water ratio, two..45
minute wash cycles, one ten minute rinse, pH adjustments using sodium hydroxide,
and a total of approximately 0.04 wt % of surfactants used in each test,

COo
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.An eight ueek bench scale bioreclamation experiment was performed to evaluate the
feasibility or treating South Calvalcade soils biologically on-site. This experiment
simulated :n situ conditions as closely as possible, and involved pumping site
grounuwater upflow through packed soil columns which were supplied the proper
environmental conditions, nutrients and a microbial seed to enhance the
biodegradation rate of organics present in the site soil. Effluent samples from the
soil columns were sampled every two weeks. The soil and groundwater were
sampled initially, as well as the final soil and groundwater after eight weeks ofoperation.

The effluent result from the control soil column contained an average naphthalene
concentration of about 824 ug/1. The concentration of naphthalene solubilized off
the site soil was consistent over the eight week study. The control column received
only a tap water feed, and no nutrients or sludge seed were added* Therefore the
PAH components present in the effluent were washed off the site soil in the column.

The anaerobic soil column received nutrients, sludge seed, and sodium nitrate as an
electron acceptor for the anaerobic biological degradation process. The effluent
PAH concentrations were much less, 78 percent less initially and 92 percent by the
final effluent sampling. This decreasing PAH effluent concentration, along with
nutrients and nitrate usage indicates that a microbiological population was
established and was degrading the water soluble PAH's in the groundwater influentprovided.

Similarly, the aerobic soil column achieved biodegradation of the PAH compounds
present in the groundwater feed. Initial effluent PAH concentrations were reduced
56 percent from the influent and, final effluent PAH concentrations were reduced 78
percent. The lower molecular weight 2, and 3 ring PAH components were the ones
primarily being degraded in the soil columns. This fact reflects the higher water
solubility of these 2 and 3 ring compounds. _ _____,.- ——_- - - r ~

dfThe groundwater feed for the soil columns contained 4242 ug/1 total PAH initially,
and decreased to 1201 ug/1 by the end of the soil column study.

ES- *
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Soil results vary so widely that no conclusions were made concerning the
performance of the soil columns with regards to treating the soil phase.

S !urry Reactors

As a part of the biological degradation work performed using site soil and
groundwater samples, Keystone also performed testing using two biological slurry
reactors. These slurry reactors, also called suspended growth biological reactors,
each contained 56 wt % area A-04 subsurface soil and 44 wt % gravity settled
groundwater to form a 2500 ml slurry. One slurry reactor was operated aerobically
and one anaerobically, and in both, the soil was continually kept in suspension by an
electric stirrer. The anaerobic reactor was supplied with a nitrogen gas blanket on
top to maintain anaerobic conditions. The aerobic reactor was supplied humidified
laboratory compressed air to maintain a dissolved oxygen concentration of at least 3
mg/1.

The aerobic reactor had several incidences of violent foaming upon the addition of
air. A commercial amifoam was added to the aerobic reactor and it controlled the
foaming for approximately one week, and then more had to be added.
Approximately one-third of the initial water phase was lost due to this unexpected
foaming problem, and tap water was added to make-up the reactor volume.

Both reactors were supplied nutrients (nitrogen and phosphorus) and additionally
the anaerobic reactor was supplied nitrate. Test kit measurements in the laboratory
of the water phase indicated a consistent daily usage of nutrients and nitrate.

The soil and water phases of each slurry reactor were separated and sampled at the
end of four weeks for pH, percent solids, and PAH. The water phase PAH
concentrations were decreased 66% and 88% tor the aerobic and anaerobic reactors
respectively. Specifically it was the lower molecular weight, 2 and 3 ring PAH
compounds, which being more water soluble than the higher 4, 5 and 6 ring PAH
components went into solution and were biodegraded by the microbial population in

" the sljurry reactors. For example, naphthalene, a 2 ring PAH was gysr 99% removed,
and carbazole a 2 ring PAH was greater than 97% removed in both aerobic and
anaerobic reactors. The amount of biodegradation of PAH components achieved is

O
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a function of many phenomenon. For example the adsorption/desorption
characteristics of the site soil, the solubility of the PAH components in the
groundwater, and the relative susceptibility to biodegradation of the PAH
components. It appears that the rate limiting step in soil biodegradation work is the
desorption of PAH from the soil. Once solubilized the PAH components can be
biodegraded both aerobically and anaerobically.

Results from the soil phase of the slurry reactors were inconclusive, with the aerobic
reactor soil PAH concentration being over 46% removed and the anaerobic reactor
soil had an increase in PAH concentration, as compared to the mean soil PAH
concentration calculated.

These results were based upon one final soil sample for PAH analyses for each slurry
reactor only.

Activated Sludge CorTreafability.Study

The concept of treating contaminated groundwaters jointly with domestic sanitary
wastewaters at a publicly owned treatment works (POTW) was tested in a separate
project by Keystone in 1987, or. a pilot plant scale. Specifically the groundwater
contained chemicals from the coal and coal tar based family and was sampled from a
former manufactured gas plant (MGP) site, where gas for lighting and heating was
produced from coal or oil. A second groundwater, from a former coke plant site was
also used in this pilot study. The coke plant site groundwater had higher
concentrations of the chemicals of interest present than did either the MGP site, or
does the South Calvalcade site groundwater. As such this coke plant groundwater
served as a worse case scenario for evaluating the concept of co-treatability. A third
control reactor was fed 100% POTW sanitary influent water and thus served as a
baseline for comparison. The South Calvalcade site groundwater is most closely
similar to the MGP site groundwater concentration.

Results from the co-treatability study support the feasibility of treating these types of
groundwater jointly with domestic wastewaters at a POTW employing the activated^
sludge process. _ _ ̂:̂ :̂̂ :;;;7.̂ :H::̂ ^^^
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The effluent water quality did not change as a result of adding the groundwaiers in
terms of: conventional, inorganic, volatile aromatics, and metals chemical
parameters. In terms of total phenolics and total PAH, the coke plant site reactor
showed slightly higher effluent concentrations. Even though some of the chemicals
of interest were detected in the coke plant site reactor's effluent, the concentrations
measured were below the Best Available Technology (BAT) treated discharge
standards recently set for the organic chemicals industry.

Based on steady-state air monitoring results, the industrial site reactor was the only
one of three tested which had any volatilization from the aeration tank of benzene,
toluene, naphthalene, and acenaphthalene.

The metals concentration of the wasted activated sludge for all three units was the
same. The coke plant reactor's sludge contained higher levels of PAH, total
phenolics, and volatile aromatics than the other two reactors. The MGP site
reactor's wasted sludge did not show any concentrations higher than in the control
reactor's sludge.

In all three reactors, no change was seen in the number or diversity of
microorganisms present in the mixed liquor taken originally from the POTW and
used to seed the reactors.

Toxicity testing using the Microtox™ acute bioassay test showed all three effluents
to be nomoxic to luminescent bacteria (the Microtox test organism), despite the coke
plant site reactor's influent feed being toxic, based on the Microtox test,

Additionally, the results of this study show that the addition of a groundwater such as
the South Caivalcade site groundwater used in Keystone's laboratory work will
generally be below detection limits in the influent due to dilution alone, to even a
small POTW, of one million gallons per day. The chemicals of interest present in the
South Caivalcade site have been proven to be biologically degradable in an activated
sludge treatment process. Included in Appendix A of this report to support this
statement, are 19 actual cases from Keystones files, of successful applications of the
activated sludge treatment process for the chemicals ojjjnterejt^
Caivalcade site. -^--—--~ --——^-——~—~=
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1.0 INTRODUCTION

This report presents the results of a treatability laboratory study performed by
Keystone Environmental Resources, Inc. (Keystone) at its Monroeville Research
Science and Technology Center. This study was designed to technically evaluate the
feasibility of treating soils and water samples collected from a site formerly owned by
the Koppers Company. Inc. This site is called the South Calvalcade site, located in
Houston, Texas. A wood preserving plant was previously operated at this site, and
coal tar, and creosote compounds were used in the process. Previous work has been
done on characterizing soils and water present on the site by McBride-Ratcliff and
Associates, Inc. geotechnical consultants in Houston, Texas. Keystone utilized this
previous characterization work to guide in the selection of both soil and water
samples which contained the chemicals of interest in elevated concentrations. By
selecting these types of samples, the majority of the site chemicals of interest were
present in the siol and water samples used for treatability evaluations.
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2.0 STUDVOVERVIEVV

Soil and water samples were collected by Keystone personnel on November 18. 1987
and returned for testing by Keystone's Analytical Division in Monroeville,
Pennsylvania. Details of sample collection and handling are discussed in Section 3.
Also presented ;n Section 3 is the list of the chemicals of interest along with the
concentrations found in the selected site groundwater samples. Section 4 of this
report presents the specific treatment technologies investigated, followed by their
respective results. Included in section 4 is a section describing an activated sludge co-
treatability study. This co-treatability is considered as a treatment alternative which
is technically feasible for the South Calvalcade site groundwater.

oo
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I
3.0 SAMPLE COLLECTTQS

Sam l e s

On November 18. 193? Keystone personnel collected water samples from the South
Calvaicade site tor .use in the treatability laboratory study. Two observation wells in
the former process area of the site were sampled. This old process area was located
on the southern end of the site. One well was OW-ll, located near the eastern
boundary, and one well was OW-10, located near the western boundary. Seven 55-
gallon drums of water were collected in all, 4 from OW- 11 and 3 from OW-10.

Keystone personnel collected an on-site composite sample from the seven drums
collected from Wells OW-10 and OW-11, and returned it via 24 hour service to
Monroeville for analyses of the site chemicals of interest. The drums of sample
collected from OW-10 and OW-11 were returned to Keystone's Monroeville labs via
truck. A composite sample of these drums was also taken on December 10. 1987 at
Monroeville for the site chemicals of interest. This resampling at Monroeviile was to
reveal any changes which may have occurred over time by shipping* handling, and
storage of the water sampled. This duplicate sampling also gives a more recent
characterization of the water sample to be used in the laboratory testing.

Results

Table 3-1 lists the chemicals of interest for the South Calvaicade site work as well as
their concentrations in both the on-site and Monroeville composite samples. The last
column of Table 3-1 presents the percent change between the on-site sample and the
Monroeville sample taken approximately 3 weeks later. Generally, the results from
both samplings are similar, i.e. the same orders of magnitude for both. Individual
fluctuations occur, as would be expected between separate sampling events. The
individual PAH component results can be found in Appendix 1 and Appendu 2
which presents all the data in its raw format as received from the laboratory. Some
of the variation between samples can be explained by viewing the raw data in the
appendices. For example, total PAH varies over 45% between sampling events. A
slug of naphthalene _ may have ben sampled at Monroeville, as the naphthalene
concentration increased 3 times from the initial sampling concentration. Therefore,
the resultant increase for total PAH is seen. Another point worth noting is that there
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TABLE 3-1

COMPARISON OF ON-SITE COMPOSITE SAMPLE TO THE
MONROEVILLE COMPOSITE SAMPLE

(RESULTS IN MG/L)

Pararneter(mgl)

Biolocica! OxyeenDemand (BOD)
Chemical OxveenDemand (CdD)
Oil and Grease (O&G)

On-SiteSample
11/19/87

325

580

Monroevilie
Sample
12/10/87

255

Changefrom
On-Si t e
Sample

."M <

+32.4
' liJ

Pentachlorophenol (PCP)
Total Kjeldahl
Nitrogen (TKN) 3 59

Total OrganicCarbon (TOC) rt, ,^ftrt^f

Total Phosphate (PO4) <0.100
pH (standard units) 72

Methylene ChlorideExtractables *

Total RecoverablePhenolics (as Phenol) g 31

Total Polynuclear
Aromatic Hydrocarbons(PAHs) 7 1 .v ' 71.4
Arsenic (As) OOU7

:Lead.(Pb)_ '~":~"o«vi^" —— .5,- *~ . . . . . . . „., . . , . . _„. ..^.^..^yujj^

144
0.0018

3.10

59.8
0.176

7.4

253

7.82

39.2
0.0154
< 0.005 --"^•=-

-*-* *T »^•_ /.-t

"

- 1 .V6

^ > ~*
fT6
-t-^ S«^ w.O

-5.9

.4> tT^*- * i

J_ 1 1 <CT-Ji-0
... _ . — . _ _ . _

-1Q J
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are only two sets of data points, hence higher percent differences may be expected
than if there were many more data points :o be averaged.

The Monroeviile water sampling included analyzing r'or pentachlorophenol to ensure
that this wood treating compound was no* present. (The previously reported results
in the Remedial-Investigation (RI) document had no: shown this chemical compound
to be present on the site). The result of the analysis from Keystone shows a
concentration of 00018 m&L in Table 3-1. This concentration is essentially at the
deteciion limit of 0.001 mg'L (1 ug/L), and is, therefore, not considered as a relevant
chemical of interest for the remainder of the laboratory study.

Figure 3.1 presents a map of the site and the approximate locations of Well OW-10
andO\V-ll, as well as the approximate soil sampling locations,

Soil Samples

Figure 3.1 is a map showing the site and the approximate sampling locations for the
soil samples collected by Keystone personnel on November 18, 1987. A total of five
5-gallon buckets of site soil were collected by hand and returned via truck to
Monroeviile for use in testing. Two general areas were selected for soil collection;
(1) area A-04 an old dump area which is believed to have been a creosote dumping
area, and area A-26 in the northern portion of the site which had strong fuel oil
smells in the soil. Three buckets of soil were taken from area A-04 between soil
borings A04-SB01 and A-04-SB02, two at a depth of 10 to 11 feet deep, and one
bucket from the surface to 1 foot depth. The surface soil sample was a dark brown
loam with a coal tar chemical odor present. The sample had very little rocks or
debris mixed with it. The 10-11 foot subsurface soil sample from area A-04 had a
^and or silty sand consistency with dark oily contamination present which stained the
sand darker. The subsurface soil samples received were sandy and had a strong coal
tar type chemical odor, and about 1/2 inch of standing water on top. The three soil
samples from area A-04 (the surface and subsurface samples) were the soils used in
the laboratory testing.

Two 5-gallon buckets of subsurface soii wgre collected from area A-26 southwest of
soil boring A26-S805. The consistency of the A-26 soil sample was a hard packed
sand, with a small amount of milky white standing water. The two sandy soil samples

r-

oo

007917



IIIIIIIIIII

3 - 2a

007918



IIIIIIIIIIIIIII

.oil
„, ™

«tr= used in all ,ub,e,uem sai| ,„„, _
,„ „„,

««l "TOU well ud

The following section describes the specific testing programs performed by Keystone
on the soil and water samples collected from the South Calvalcade site.
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4.0 TREATMgjNJT TECHNOLOGIES

4.1 Oj|/Water Separation

Upon inspection of the seven drums of groundwater at the research center in
MonroevjUe* it was found that the water settled very clear, with generally, a small oil
sheen on top and on the bottom of the drums. For this reason it was decided to
evaluate simple gravity settling, as well as polymer addition in standard jar testing for
oil/water separation. The physical separation testing will be described first followed
by the jar testing experiments.

A 4-gallon mixed composite sample from the seven drums was taken and placed into
a 5-gallon glass jar. This sample was allowed to sit undisturbed for 24 hours and
observations were made. A definite clearing of the water was noticed with an oil
sheen on top and a heavy 1/2" sludge layer which settled onto the bottom. Samples
of the clear supernatant were withdrawn from the middle portion of the jug and
submitted for analyses. The results of these analyses are presented in Appendix 3.

A well mixed composite saraph was also used in the polymer treatment jar testing
experiments at Monroeville. A composite sample was taken from the seven
refrigerated drums and was allowed to warm to room temperature before testing
began. Polymers were screened at varying dosages in an attempt to find a polymer
which would successfully flocculate the oil phase out of the water and into a stable
sludge. The best polymer combinations found in this testing were:

Amerfloc 10 @ 300 ppm
Amerfloc 5260 @ 4 ppm

and
Amerfloc 10 @ 300 ppm
Amerfloc 5270 @ 4 ppm

These polymers are all Drew Chemical Company products. Amerfloc 10 is a cationic
polymer and Amerfloc 5260 and 5270 are anionic polymers. Both combinations
worked on the South Calvalcadc groundwater sample, generating a large heavy f^c
which settled quickly into a stable sludge. The resultant supernatant was clear and
relatively solids free.

o
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The supernatant phase of these jar tests were submitted for analyses by Keystone,
The results of these analyses are presented in Appendix 4. (The abbreviation SC
stands for South Calvalcade, and RW means raw untreated groundwater). Test #1
used the anionic polymer 5260 while Test #2 used 5270. The difference between the
two anionic polymers is that 5270 has a slightly stronger anionic charge, and is,
therefore, more expensive than 5260. . . . . . . . _„.—_-.—• .—-••--.— - • - - -

The final jar tests from which the samples were taken, used a total volume of 2500
mis of composited site groundwater. From each test the total amount of sludge
collected was 28 mis. On a volume basis the wet sludge produced for every 1000
gallons of groundwater polymer treated, is 11.2 gallons or 1.12%. This corresponds
to a sludge generation of roughly 0.07 pounds of (dry weight) sludge produced per
1000 gallons of water polymer treated, from each polymer combination. This
resultant sludge was toe dilute, and too low in creosote oil concentration to make a
direct product recovery possible from this sludge alone. (As per visual inspection by
the Koppers Company's Technical Service - Tar and Wood Sector laboratory.)

Table 4-1 presents a comparison between the results of samples genciated by
polymer treatment and by physical separation only. These results are in turn
compared to the raw uncreated composite sample of groundwater collected at
Monroeville on December 10, 1987; shOitly after the water shipment arrived.
Percent removals from the untreated groundwater concentration levels are
calculated and presented A* can be sees is Table 4*1 there waa fttfe added percent
removal gained from the addition of polymer*. In fact polymer* added some total
organic carbcm to the water. The high removal rates aehjeafsd Scorn pltywKl

addi$ion of chemical polymers uaficetttary for oilfcottr
§ramdwater saraplr If the groundwater sampled would

change, however, possibly becoming more concentrated m oil and grease type
compounds.; for example, the information on which polymers to use and at what
concentration, has been generated, as well as one sludge generation estimate.

Based on the result* of the oil/water separation work, the decision was made by
Keystone to use gravity settling alone to generate relatively oil and solids free
supernatant for use in all subsequent treatability testing experiments. The procedure
which was followed was to siphon off an equal amount of clear supernatant from

4-2
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TABLE 4-1

COMPARISON OF POLYMER TREATMENT VERSUS PHYSICAL SEPARATION
(RESULTS IN MC/L)

KS
ft

' i '1 in

Methylene dhloride Extractables
Oil and Grease
Total Oi-ganic Carbon
PhenuSics(4AAP)
Total PAHW

MSTC PolymerRaw TreatedComposite SupenuteatSampie Sample

253 54
144 13.6

59.8 59.6
7.82

39.225

% Removal Physical(from raw Separationwater) Sample
12/14/87

78.7 75.0
90.6 19.9
03 60.5

7.72
10.538

% Removal(from raw
water)

70.4
86.2n
1.3

73.1

otal PAH represents total polynuciear aromatic hydrocarbons.
(^Indicates that parameter has increased in concentration.
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each of the seven refrigerated drums into one composite drum, which was allowed to
warm to room temperature before the water was used in any laboratory testing.

4.2 UV/Oxidation

iii
iiii

Introduction .-..-...^-:.....---:I.:.L_........^^-^^^

Chemical oxidation testing using ozone, in conjunction with photooxidatioa using
ultraviolet light was performed on a bench-scale by Keystone on the groundwater
sample from the site. The ozone/UV unit used was developed by Ultrox
International, Inc. This unit is comprised of an ozone generator along with a three
liter stainless steel reaction vessel equipped with an ultraviolet light. Ozone is
introduced into the reaction vessel through a gas sparger on the bottom, at a rate
sufficient to achieve complete mixing. The ozone concentration in the gas stream to
the reaction vessel was maintained at approximately 2% by volume. This 2% is
about the maximum achieved m full-scale applications using a compressed air feed.
Off-gas from the unit was periodically monitored for residual ozone concentration
for determination of the ozone usage efficiency. This efficiency is defined as the ratio
of ozone used in the reaction, compared to the total ozone applied to the sample.

Procedure

In order to evaluated how effective UV/ozone treatment was on this particular
groundwater, Keystone first performed a UV/ozone screening run. In this screening
run the groundwater sample was subjected to UV/ozone treatment for a total of 30
minutes, with samples withdrawn at times 0, 1, 3, 5, 7, 10, 15, 20, and 30 minutes.
These samples were analyzed for some parameters which served as indicators of
treatment for this water, (pH, TOG, Phenol and Naphthalene). Comparisons were
made between the level of treatment attained versus amount of ozone applied.
Based on the results from the screening run, an optimum ozone dosage was selected.

A final sampling UV/ozone run was then performed at the optimum dosage chosen.
Enough batch runs were performed to generate water samples for the whole list of
site chemical? of interest The icjsuJ îQtthese UWo^geje |̂riments are
next.

I—
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TABLE 4-3a
• ACTIVATED CARBON

1
1) Anticipated Initial

Groundwater Concentrations
§ 2) Measured Initial

Groundwater Concentrations
i 3) Example Treatment• Objectives
I 4 ) Anticipated ActivatedCarbon Usage

(2 vessels in series)
| 5) Keystone's Activated CarbonIsotherm Test Results
• 6) Keystone's Measured Initial
» Groundwater Concentrations

ACT RESULTS

3SC fteflfikHMEl ^fetfealeae
63 PP* 8 ppm 35 ppm
58 Pp™ 5.3 ppm 0.335 ppm

*3
30 PP-n 0.5Ppm 0.5 ppm ^

r-
2'5#/m(1) 2.75 #/m lJOf/m °

2.08 #/m 4.67 #/m 0.85 #/m

56 Ppm 7.45 pnm 7 id. «„„I (1) #/m is pounds of activated carbon per 1000 gaUons of site groundwater treated.
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The screening run results are presented in Appendix 5, as received from Keystone's
laboratory. These results are presented graphically in Figures 4.2-1 and 4.2-2 for the
phenol and naphthalene test results, respectively. The plot in Figure 4.2-1 shows that
at the 285 mg/1 ozone dosage (time 10 minutes), the slope of the line changes. At this
point diminishing returns arc seen for applying more ozone to remove phenol, i.e.
the slope of this line is less. At this point in the experiment the available ozone then
begins attacking the naphthalene more vigorously, as can be seen in Figure 4.2-2.
Therefore, the optimum ozone/UV dosage chosen for use in the final sampling runs
was 285 mg/1 (10 minutes). The screening run results after ten minutes of ozone/UV
treatment achieved an effluent concentration of 0.053 rag/1 phenol, a 98.9%
reduction from the influent concentration.

The first order decay rate constants (K) were calculated from the screening nm
results for both phenol and naphthalene. These K rate constants are:

Phenol = -0.0077
Naphthalene = -0.0046

Generating the K rate constants is a method used to quantify treatment performance
and to enable relative comparisons to be made between ozone/UV treatment of
different wastewaters. A negative K rate indicates that reduction has occurred
during the test for the monitored indicator parameter, a zero value indicates no
reduction, and a positive K rate indicates an increase in concentration of the
measured parameter. The lower the K rate constant number is, the more reduction
of the monitored parameter in the experiment.

The method used to calculate the K rate constant was to plot the screening run data
with a computer using a least squares regression technique. The slope of the line
generated is the K rate constant Appendix 6 contains the K rate calculation
printouts for both phenol and naphthalene. The X value listed on the printouts is the
ozone applied, in mg/1. The Y value is the natural logarithm (In) of the concentration
of each parameter monitored, in mg/1 for phenol and ug/1 for naphthalene. A 95%
confidence interval was used throughout in the calculations.

4-4
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The average ozone utilization efficiency achieved in the screening run test was 59
percent.

i
ii

Fjnal Run

A finalozone/U V sampling run was performed using site groundwatsr, at a 285 mg/1
ozone dosage, (a 10 minute czone/UV exposure time). The site chemicals of interest
in the ozone/uv treated effluent were sampled for and analyzed at Keystone's
Monroeville laboratories. The results of these sample analyses are presented in
Appendix 7.

The final ozone/UV treatment tests achieved an average ozone utilization efficiency
of 57 percent. This efficiency agrees closely with the 59 percent efficiency obtained
in the screening run test. This ozone efficiency is a measure of how much ozone is
used in the reaction, versus the total amount of ozone that is applied into the
reaction vessel.

The phenols (4-AAP) analysis showed a 98,4 percent reduction in the treated
effluent- This agrees closely with the screening run test result which achieved a 98.9
percent removal of phenols (4-AAP) from the influent concentration, at a 10 minute
contact time.

The pH of the ozone/UV teated water was 6.4, slightly less than the measured
influent groundwater pH of 6.7.

The ozone/UV treatment had no effect on the remaining conventional pollutants
monitored, Le. COD, BOD, TKN, PO4, TOC, and oil and grease.

The metals were likewise unaffected by the ozone/UV treatment employed.

Total polynuclear aromatic hydrocarbon (PAH) removal achieved was 52.5 percent
of the influent groundwater concentration. Table 4*2 presents the individual PAH
components and how they were affected by ozone/UV treatment. A general trend of
decreasing percent removal is seen as the number of rings (molecular weight)

4 * 5

00
CVJ

oo

007928



PAH Component
carbazole
naphthalene
acenaphthene
acenahthyiene
anthracene^ •i fluorene4fi

* phenanthrerie
benzO (A) anthracene
ehrysene
fiuoranthene
pyrene
benzo (K) fiuoranthene
benzo (A) pyrene
benzo (b) fiuoranthene
dibenz (A.H) anthracene
Iiu&no (!,23-£d) pyrene
benzo (G,K?I) perylene

TOTALPAH

CO

3
3
3
3
3
4
4
4
4
5
5
5
5
6
6

TABLE 4-2
FINAL OZONE7UV TEST
PAH RESULTS (in ug/t)
Water

SoSubilily Influent
Concentration Effluent

Concentration

of rings refers to the number of benzene rings present in cacli PAS 1 c
263.27

Percent Removal
-

32700
3930

73
19$0
1290

14
2

260
135

3.8
. ~

2.49

0.26

<2.00
<2.00

56.3
3.03
12.0
18.6
66.1
45.1
43.5

101.0
111 .0

8.1
14.4
21.3
24.9
31 .9
16.8

<2.00
<2.00

30.5
<2.00

4.48
7.23
32.3
6.93
13.2
57.6
54.8
4.27
6.20
1 1 . 1
15.4 i
8.16 |iU, i

-1 i ;

45.8
>33.9

62.7
6LI
51 . 1
84.6
69.7
42.9
50.6
47.3
J6.9
47.9
38.1
3L4
33.9

515

component
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increases, and the PAH solubility decreases, as would be expected. The higher ring
PAH's are more resistant to degradation than are the lower ring components,

Also included in Appendix 7 are the results of Microtox™ bioassay testing on site
groundwater before and after ozonc/UV treatment. Microtox measures sample
acute toxicity by utilizing salt water luminescent bacteria as the test organisms.
Included in Appendix 7 Microtox results are the initial standards tested, followed by
the ozone/UV effluent, and influent groundwater results respectively. All tests were
nm in duplicate and show close agreement between duplicate test results. The
Microtox test results are reported in effective concentrations (EC). The EC values
reported are for 20, 50 and 80 percent, meaning a result that effects 20, 50 and 80
percent of the test population. In this case, the effect is a light loss by the
luminescent bacteria as an indirect measure of toxicity. An EC20 » 2.5 for example,
means that it required 2.5 percent of the groundwater sample to inhibit 20 percent of
the bacterial light emission. The lower the EC percentage obtained, the higher the
sample's toxicity (to marine luminescent bacteria), or stated in another way, lew
sample was needed to induce the chosen effect (i.e. either 20, 50 or 80 inhibition of
light production).

The exposure times used were the standard 5 and 15 minute tests employed in
Microtox. Using two exposure times (of bacteria to sample) often reveal information
on the nature of the toxicity of a sample, or hew its exerted. The standard test
temperature utilized was 15°C.

Table 4-3 presents the results- of the Microtox bioassay testing performed on site
groundwater before and after treatment by ozonc/UV. The EC50 is the most
commonly used measure in reporting effective concentrations. As can be seen from
the EC50 results listed in Table 4-3, the influent was very toxic. After exposure to
ozune/UV treatment the effluent was measured as toxic. The ozone/UV treatment
decreased the Microtox EC50 toxicity measured by about 8 percent The fact that
the 15 minute test* showed only slightly higher toxicity than did the 5 minute
exposure test, indicates that the majority of the toxicity was exerted quickly, and that
no recovery from it was evident by the 15 minute exposure time tested.

o
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TABLE 4-3
MICROTOX RESULTS

OZONE7UV INFLUENT AND EFFLUENT SAMPLES

Concentration 5 Minutes

Influsui EC20
EC50
EC80

EC20
EC50
EC80

0.590
2,477

10.390

2.342
10.844
50.209

aaulfeiBtaiaja.7.*̂

0.625
2.369
8.988

3.372
11.737
40.857

< MI * 15 Minutes£&totttfi3LJa^^
0,500
2.091
8,746

2.190
9.361

40.010ii

0.550
2.140
8.319

2.579
8.704

29,380
r-oo

IIIII

EXAMPLE MH7H<fflajlfflEBIB£IATlon «rMf,
Toxicity Rating

4-Very Toxic
3-Toxic
2-Mildfy Toxic
1-Slightly Toxic
0-NonToudc

> 10% to 50%
>jO% to 75%

> 75% to 100%
>100%

>4% to 20%
>20%to30%
>30%to40%

>40%

I
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4*3 arbon

Keystone performed bench-scale testing using isotherms to evaluate the feasibility of
treating site groundwater with activated carbon. In addftior^Kcystonc subcontracted
the Calgon Corporation to perform their accelerated carbon testing (ACT) program
on a sample of site groundwater __ _ _ ___ ._.„_ __~ :rr:-

The isotherm testing utilized Calgon's Filtrasorb F-300 granular activated carbon,
pulverized so that 95 wt% passed through a 325 mesh screen. The standard isotherm
test performed used 12 different weight ratios of activated carbon per 100 mis of
groundwater; 0,005, 0.01, 0.025, 0.05, 0.1, 0.2, 0.5, 1.0, 2.5, 5, 10, and 20 grains.
Additionally, one test with no carbon added served as the control test. These
carbon/groundwater slurries we*e contacted for 1 hour, and then the liquid was
separated from the carbon by filtering. The liquid phase was submitted for analyses
for; TOC, phenol, and pH, by Keystone's Monrocville laboratory.

A liquid phase isotherm shows the distribution of adsorbate (that which is
adsorbable) between the adsorbed phase and the solution phase at equilibrium
concentrations. Form this isotherm test a carbon usage estimation can be obtained.
This estimate tends to be a "best caw" scenario i.e. in moat carbon column systems
the carbon usage will be greater than that predicted from isotherm testing. However,
the isotherm test is a valid method for quickly testing the feasibility of using a
particular activated carbon for treating a specific wastewater.

For a more accurate estimate of carbon usage, carbon column testing is normally
performed after carbon isotherms. Keystone subcontracted this carbon column
testing to the Calgon Corporation's Pittsburgh laboratory, which performed their
Accelerated Column Testing (ACT) program on a sample of gravity settled site
groundwater.
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Isotherm Testing

Appendix 8 lists the sample results obtained in the isotherm testing performed by
Keystone. The abbreviation C! represents carbon isotherm and the weights listed
are the amounts of F-300 pulverized activated carbon per 100 mis of groundwater,
used in testing. Appendix 9 presents the plots of the isotherm data obtained. Table
9-1 in Appendix 9 is the worksheet used to manipulate the isotherm results into the
form needed to plot the data. A logarithm plot of concentration of parameter in
solution (c), at equilibrium, versus the total weight of parameter adsorbed per unit
weight of carbon (X/M) is found in Appendix 9 for each monitored parameter. A
straight arithmetic plot of the pH is also provided in Appendix 9. An equation which
describes each line drawn in the plots is also given. This equation is generated by a
computer program which describes the data by using a linear regression technique.
By solving this equation for the influent concentration of the monitored parameter,
an estimate of the maximum adsorption capacity for that carbon, and that
wastewater is obtained.

The equation from the isotherm plot for naphthalene gave a maximum adsorption
capacity of 27.0 mg naphthalene per gram of F-300 carbon used. The plot is straight
line, but only contained three usable points, the minimum amount for a linear
regression calculation. Based upon the influent concentration of 2.740 mg/1
naphthalene, the estimated carbon usage rate is 0.85 pounds per 1000 gallons of
groundwater treated.

The equation from the isotherm plot for phenol adsorption gave a maximum
adsorption capacity of 13 J mg phenol per gram of F-300 carbon used The plot of
the data was straight-line and showed small variation from the line drawn. Based
upon the influent concentration of 7,45 mg/1 phenol the estimated carbon usage rate
is 4.67 pounds per 1000 gallons of groundwater treated.

The first TOO plot presented in Appendix 9 includes all 12 data points generated in
the TOO isotherm test. As can be seen in the raw data, listed in Table *M in
Appendix 8, the TOC concentration in solution levels off and remains near 4 mg/1.
This concentration is approaching the detection limit of 1 mg/1 for the TOC analysis.
The plot of this data shows a two stage effect, where no additional TOC is adsorbed
after the 5th data point plotted, despite increased carbon dosages applied.
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A more accurate interpretation of the TOC isotherm is to replot the data using only
the first 5 data points. This plot is presented next in Appendix 9S and results in agood fit, straight line plot. From the equation generated which describes this second
TOC plot, the maximum adsorption capacity is 224 mg TOC per gram of F-300
carbon used. Based upon the influent TOC concentration of 56 mg/1, the estimated
carbon usage rate is 2.08 pounds per 1000 gallons of groundwater treated, . . . _ . , . . . -

ACT Results

The report issued from the Calgon Corporation presenting the results of their
Accelerated Column Test (ACT) is included as Appendix 9A, The ACT uses
activated carbon and simulates a carbon column system. The ACT was performed at
the Calgon Corporation's Pittsburgh, Pennsylvania laboratory on a sample of gravity
settled site groundwater supplied by Keystone.

Since no projected flow estimate of pumped groundwater or permit limits for the
South Calvalcade site were available at the time of performing the treatability work,
Keystone specified the following conditions to Calgon for the ACT: a 15 minute
empty bed contact time, the treatment indicator parameters and example treatment
objectives of; TOC = 30 ppm, phenols (4AAP) = 0.5 ppm, and naphthalene = 0.5
ppm.

Table 4-3a presents a summary of the ACT results along with Keystone's isotherm
test results for comparison. As can be seen, the results from the ACT duplicate those
from the isotherm tests, with only the phenols (4AAP) estimates differing slightly.
The naphthalene concentration of the site groundwater was much lower than was
anticipated in the ACT, based upon Keystone's on-site and Monroeville samplings.
The on-site composite groundwater sample contained 35.6 ppm of naphthalene, the
Monroeville sampling about 3 weeks later contained 11.6 ppm of naphthalene, and
the ACT sample contained only 0,335 ppm of naphthalene. Obviously, the
naphthalene present in the wells initially on site was being volatilized out of solution
with the passing of time and the additional mixing by sample handling. (The Henry's
law constant at25^CJpr_naphthalene is 4L$) xKT4

K)
O
r-oo
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The results of the ACT indicate that the phenolics will be the limiting factor (for
carbon adsorption), followed by TOC, and finally the naphthalene.

Appendix 9a contains information from the Calgon Corporation on several carbon
adsorption treatment systems that they offer along with the estimated carbon use
rate for the site groundwater tested. Breakthrough curves for the specified
treatment indicator parameters are also given in the Calgon report.

4.4 Soil Studies

ii

The following five subsections detail the experiments performed by Keystone on the
soil samples collected from the South Calvalcade site. The soil used in this testing
was surface and subsurface soil collected from area A-04. The two pails of
subsurface soil were composited, mixed and sieved through a 1/4 inch screen. The
soil was sandy in texture, and less than 2% was retained on the screen. A sieve
analysis on this subsurface soil composite is presented in Table 4-4, and graphically in
Figure 4.4-1. As can be seen from Figure 4.4-1, this soil sample was sand.

An estimate of the porosity of *he composited A-04 area soil was made by using a
constant head permeability test. Soils found in situ have widely different
permeabilities along their stratification, and perpendicular to it. Therefore, the
results obtained on disturbed samples often are not accurate of site specific, in situ
conditions. However, the permeability measured in the laboratory did, in fact, agree
fairly well with previously reported permeability values of site soils. The permeability
measured in the lab was 1.07 x 10"4 cm/second. The horizontal permeability given in
the Remedial Investigation (RI) document was 1 x 10"3 cm/second. A general
permeability estimate for this site suggested by Keystone's Hydrogeology
Department was 1 x 10"3 cro/second The result from this permeability test is used in
a soil column experiment, which is described later in Section 4.7.

During the course of this soil treatability work six separate samples of raw
composited site soil from area A-04, surface and subsurface samples, were analyzed
for polynuclear aromatic hydrocarbons (PAH). Due to the heterogeneous nature of
a soil sample matrix the PAH results showed wide variations, between 900 to 8,300
mg/kg, on a dry weight basis. This is common when analyzing soils which have

in

o
o
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particle may be coated with creosote oil. monitored, ,.e. a soil

In order to most accurately represent thi. PAU ~ * . •
taken from area A-04, a slî Ta! tf ""T111" found » s°« «mp,es^ » , Mansllcal analysis was performed on the six set? nf PAU

Wto mixed with sous, sediments or sands, con^tninant materials are in
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TABLE 4-4a

591'TH CAVALCADESTATISTICAL SUMMAR7 for PAH DATA

Parameters
Acenaphthene
Acenaphthy1an*
Anthracene
BenEo(a)anthracene
Benso( b ) f luoranthene
Benco(£,h, i>perylene
Ben 20 ( k > f 1 uorantheno
Chrysene
Di b«nz ( ah ) anthracene
Fluoranthene
FluoreRe
Indono( 123~cd)pyrene<»Phenanth rene

t-Carbaeole ;
^Naphthalene
Total PAH
Date Collected

* OF
OBVS

6
4
6
6
6

i 6
i 6
> 6

6
> 6

6
6

. 6
6
4
6
5
6
0

MEAN +/- CI
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
00
0
0

776
7C

139
110
35
5646
20

104
52

338
257

27
681
466

80
756

3747

.5 1

. 7 7

.02
. 9 4
.74
.96
.33
.75
. 1 6
.65
.61
. 7 5
. 5 4
. 1 8
.0 1
. 4 3
.89
. 4 9
0.

4 4 9 . 6 3
1 4 2 . 8 5
156 .08
123 .90
3 4 . 2 8
46 .54
40 .69
18 .53

1 2 0 . 1 7
4 1 . 5 4

37 1 .05
2 7 6 . 7 7

1 9 . 6 9
6 2 1 . 8 2
4 1 4 . 4 0

7 3 . 9 1£*«***
4** * * *

0.

STD
423

89
148
1 16

32
44
36
17

1 14
39

353
263

18
782
260

70
078

3471

. 57
.78
.70
.05
.66
. 3 4
. 7 7
.66
. 4 9
. 57
51

.69

. 7 6
.97
.46
. 4 1
. 2 7
.65
.00

95X
LOWER

326

1
10

5
2

1 3

7
7 1

6
103

. 68
.00
.00
.00
. 4 7
. 4 3
. 6 4
.22
.00
. 3 1
.00
.00
. 6 5
.00
. 6 1
. 5£
.00
.62
0 .

CI
UPPER
1226 .
221 .
295,
2 3 4 .

70 .
1 0 3 ,

8 7 .
39

224
94

709 .
534

47
1503

90O
154

1 8 4 7 .
7 3 9 1 ,

35
.6 1
09

, 8 4
.02
. 5 0
. 0 2
.29
. 3 5
. 3 8
.66
. 5 2
. 2 3
.00
. 4 1
. 3 4
23
36
0.

CMEAN
660

13
65
57
18
40
32
13
52
J9

17 1
1 4 4

20
263
407

45
326

2448

, 15
. 7 9
.63
. 2 0
. 2 7
. 9 5
. 4 7
.80
. 5 3
. 14
. 29
. 2 4
. 5 1
. 2 1
. 9 9
. 96
. 9 5
.69
.00

GSTD
1 .99

16 . 49
4 ,52
3 . 8 3
4 . 7 1
2 . 5 6
2 . 6 3 i
2 . 8 6
3 . 8 8
2 . 5 2
4 . 0 8
3 . 4 8
2 . 5 4
5 . 51
2 . 16
3. 77
4 , 8 2
2 . 8 2

.00

Mi
1 9 2

1
8

14
1

14
10

4
12

9
2ti
40
b

; 37
1 3 3

S
52t »3d

N
. 5 5
16:*t>
65. 3d

. 2 5
.40
. 4 9
. 5 7
. 9 6

37
.60
. 1 5
. 26
. 5 0
. 31
48

. 58

.00

MAX
1 4 9 4

164
344
270

80
107
104

42
258
1 1 8
8 1 7
609

43
170 1

706
1 7 4

1686
8290

.25
. 3 5
. 83
. 1 1
.2 1
.93
.97
.94
62

.06
. 2 4
.20
O9

.39

.90

. 5 7
. 57
.69
0 .

90* i.T
VALUE
1 5 6 6 . 29

471 . 19
4 3 9 . 3 3
3 1 0 . 9 2
1 2 8 . 6 4
134 1 1
109 .79
5 1 .95

290 .35
1 2 5 . 2 0

1 0 0 7 . 3 3
6 9 4 . 3 0

66.55
2300 .82
1078. i7

2 4 4 . 7O
2374 . O7
9054 .58

0

All values were used in the statistics
All results are calculated on a dry weight basis.
All data is reported in Kg/Kg unless otherwise noted.

****** The confidence interval for naphthalene = ± 1090 .34
****** The confidence interval for total PAH * ± 3643 .87

0 0 7 9 3 9
;.;lii.
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Entrapment occurs when the contaminant exists in such large quantities that it
exceeds its solubility and has taken up the available adsorption sites so that it exists
as a separate phase. This inner-granular material is simply trapped by the solid
particles and can be removed by physical beneficiation equipment, i.e. soil washing
using froth flotation.

Adsorption of contaminants on solid surfaces is usually expressed by empirical
models, such as the Langmuir or Freundlich adsorption equations. These and other
similar models relate the adsorption of a contaminant on the solid to the
concentration of the contaminant in the bulk solution and to the number of
adsorption sites on the solid surfaces, as a function of temperature. Most
hydrophobic (water hating) organics follow these models. Therefore, removal of the
contaminants can be accomplished by: a) reducing the bulk solution concentration,
b) eliminating the solid surface adsorption sites, or c) changing the temperature.

Reducing the bulk solution concentration of the contaminant surrounding the solid
particles can be accomplished by dilution, or by adding a mineral that has a greater
affinity for the contaminant(s) than the aqueous phase. Dilution usually requires
such large volumes of water that it is not practical. Therefore constituents such as
surfactants or organic solvents are frequently used to reduce the bulk solution
concentration.

O

f""-
O
O

The most difficult case to deal with is where the contaminant has chemically reacted
with the solids. One approach is to try and reverse the reaction by adding suitable
reagents. Another is to coat the contaminated particles with a hydrophobic coating
so it can be selectively removed and concentrated, i.e. by froth flotation.

The following sections detail specifics of each technology investigated for treating the
South Calvalcade site soil samples.

4,5 Soil

Introduction

Soil washing is a genera] term used to describe various techniques utilized for
removing contaminants from a solid substrate. Some example techniques are: (i) in

4- 12
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situ injection/recovery (ii) extraction technologies (iii) counter current decamation
and (iv) froth flotation. In each of these technologies, a washing solution is applied
to the contaminated soils, after the washing stage is completed the contaminated
wash solution is recycled or removed and the cleaned soils are returned to the site.

Keystone utilized froth flotation in its soil washing experiments on the South
calvalcade site soil samples. The separation of contaminants from soil particles
depends in part to the relative wettability of the particle surfaces. Typically the
surface free energy of a particle is lowered by the addition of surface active agents,
i.e. surfactants. This creates a hydrophobic surface on the soil particles and,
therefore, separates the soil from the contaminant particles. Most treatment systems
also utilize a physical means of separating the surfactant water solution from the soil
particles.

Procedure

The experiments were performed in a bench-scale Denver Equipment Company,
Denver D-R flotation machine. A schematic diagram of the Denver unit used in
these experiments is presented in Figure 4.5-1. The soil is introduced into the cell in
the form of a water slurry and the surfactants are added with stirring. Air is
introduced through the central shaft and is dispersed into the washing solution by the
impeller. The contaminants are physically separated from the soil by the air bubbles
and concentrated in the froth which is then scraped over the lip into another vessel.

Screening Runs

A screening run battery of soil washing tests were performed on both the surface and
subsurface soil samples collected from area A-£4 at the site. Conditions of the
testing were altered, as well as the kinds and amounts of surfactants added, in order
to optimize a soil washing procedure for the site soils tested. Table 4-5 presents the
results of the three most successful screening tests performed on the eleven foot
deep soil sample. Table 4-6 presents the results of the three most successful
screening tests performed on the surface soil sample. In both tables the results
reported have been corrected to a dry weight basis to allow direct comparisons to be
made, between samples. The; raw^ untreatedjoil concem l̂ig^^

oo
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11 TABLE 4-5
1I

1
« SOIL WASHING SCREENING RUN RESULTS jl
1 AREA A-04 SUBSURFACE SAMPLE ||ii ———
1

Parameter (me/kg)

| % Solids @ 103°C

8 Oil and Grease

IMethylene Chloride
Extractablesi_

w Test #1 Surfactants =iTest #2 Surfactants »
•

Test #5 Surfactants =1

B ( ) values represent %

(RESULTS IN MG/KG, DRY WEIGHT

RawUntreatedSoil Testtfl

86.8 80.8

BASIS)

Test #2

81.2

9,228 (-) <61.9 (>99.3) <61.6 (>99.3)

15V092 (-) 161 (98.9)

Whitco Emcol CocobetaineArmak Redicote E-ll(Total surfactants = 0.018% by weight)
Rhome and Haas Triton X-100Whitco Emcol Cocobetaine(Total surfactants « 0.016% by weight)
Rhome and Haas Triton X-100Whitco Emcol Cocobetaine(Total surfactants « 0.020% by weight)

removal.

234 (98.4) *

at 0.16 gramsat 0.07 grams

at 0.106 gramsat 0.100 grams

at 0.169 gramsat 0,084 grams

< values represent detection limit.

1
1
1

-.-- -.—. - -

4 -lib :

I

•.«3?l
. . . . . . . . . . . . . . . -^^M

mTest #5 1
_:•

Q1 *) 1Ol.ji •"xj •
0 I

123 (98.6) r- 1
O
O

259 (98.3) 1

H

;

I-J'.~.
--T---, --.,-- . -t , -..-.,. --^--.^ -.-===

„- *^~w ̂ . .1. :„. . .. li^qjjffi. . ;"">^
. . . . - - . . ; £

^

i
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— , ————— -

-.Parameter fme/kf )
1

1% Solids @ 103°C

Fil and Grease

IMethylene Chloride
Extractables

•test #1 Surfactants =

ITest #3 Surfactants *

Test #4 Surfactants »ii

TABLE 4-6
1
:J

SOIL WASHING SCREENING RUN RESULTS ~|
AREA A-04 SURFACE SAMPLE 1

(RESULTS IN MG/KGt DRY WEIGHT BASIS) 1

'"•••'•"" - •-"--•• - - - -- ' ""1
RawUntreatedSoil Test #1

86.8 81.0

55,645 (-) 1296 (97.6)

81,682 (-) 3321 (95,9)

Rhome and Haas Triton X-100Whitco Emcol Cocobetaine(Total surfactants » 0.021% by weight)
Olin4750AnnakRedicotcE-11(Total surfactants - 0.06% by weight)
Olin 4750Whitco Emcol Cocobetaine(Total surfactants « 0.034% by weight)

T*t#3

81.6

1185 (97.8)

2904 (96.4) "

at 0.106 gramsat 0.106 grams

at 0.56 gramsat 0.19o grams

at 0.224 gramsat 0.200 grams

Test #4 H|
••

82.5 ^ I

1300 (97.6) r- 1° 12752 (96.6) 1

j

t . ; . j) values represent % removal.< values represent detection limit
^̂  ~̂

ii __
_ _ . _ _ ...._ . . . . . . . . . . . _.. . . . . . . . . .

4-13c

.
- -- - _ ._ _.._ _ — „

—— ——— - —— - —— —— - ——— r^E

--.. 's i

-—-^^^—^^^—^—^—————^———^—
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percent removals can be calculated. These percent removals, (from the untreated
soil sample concentrations) are listed in parenthesis in the tables.

The raw data from the screening runs is presented in Appendix 10. The abbreviation
TOO ISA represents the surface soil sample, and T0018B represents the subsurface
soil sample in Appendix 10. _ _^:..._____—.^:-----

In all screening run tests pH adjustments were made to increase the pH, using 20%
NaOH by weight. The volume of NaOH solution added varied from 0.04% to 0.4%
of the total soil/water sluny volume used in each experiment. These screening run
results are from one 25 minute washing cycle, followed by one 1 minute rinse cycle.
The soil to water ratio used was 1:5. The surface sample test released so much
creosote and oil that no foam was formed. This suggested that several washes may
be necessary for the final runs in this soil washing experiment, which will also
evaluate polynuclear aromatic hydrocarbon (PAH) removal.

The screening run tests achieved high percent removals of oil and grease and
methylene chloride extractables as can be seen in Tables 4-5 and 4-6. All percent
removals achieved were greater than 95%. The criteria used in selecting surfactant
combination for use in the final runs were (1) lowest dosage (2) a common surfactant
for both surface and subsurface samples and (3) pH adjustment requirements. The
surfactants chosen for use in the final runs was Rhome and Haas Triton X-100 and
Whitco Encol Cocobetaine. Conditions of the final runs simulated screening run test
#1 for the surface soil and screening run test #5 for the subsurface soil.

Final Runs

The results of the final soil washing runs are listed in Appendix 11. The abbreviation
T0018/A-RAW-F represents the raw unwashed surface soil sample, and T0018/A-
Cl-F represents the cleaned washed surface soil sample. Similarly T0018/B-RAW-F
and T0018/B-C1-F represent the raw and cleaned washed subsurface samples,
respectively. The results listed in Appendix 11 are reported as received from
Keystone*s laboratory i.e notcorrec|edto^a^y weight basis.

Tables 4-7 and 4-8 present the results of the final soil washing results, corrected to a
dry weight basis to enable direct comparisons to be made between sample results.

in

r-Oo
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% Solids <g 103°C
Oil and Grease (mg/Kg)
MeCl Extractables (mg/Kg/2)

§ Total PAH (ug/Kg)(3)i

TABLE 4-7< l>

FINAL SOIL WASHING RESULTS
AREA A-04 SUBSURFACE SOIL

Parameter RawSoil CleanedSoil

86.4
6447
8310

3,747,490

78.4
68

<64
23,583

iiiii

NOTES

Surfacants Used

First Wash:

Second Wash:

Rhome and Haas Triton X-iOO at 0.338 grams
Whitco Emcol Cocobetaine at 0.320 grams
•total surfactants = 0.026 wt.%
- PH maintained at 10 by adding 4 mis of 20 wt % NaOH

Rhome and Haas Triton X-100 at 0.169 grams
Whitco Emcol Cocobetaine at 0.160 grams
• total surfactant, = 0.013 wt.%
- PH maintained at 10 by adding 1.5 mis of 20 wt. % NaOH

1 ^Results reported on a diy weight bwis.
jMeCI is methylene chloride solvent

i
4-l4a

Removal

9S.9
>99.2

99.3
r-oo
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% Solids @ 103°C
Oil and Grease (mg/Kg)
MeCl Extractables (mg/Kg)(2)
total PAH (ugflCg)(3)
NOTES

Surfacants Used

TABLE 4-8 <l>

FINAL SOIL WASHING RESULTSAREA A-04 SURFACE SOIL

86.6
57,737
80,947

3,747,490

83.0
1313
2181

836,639
97.7
97.3
77,7

0"-
r-
Oo

First Wash:

Second Wash:

Rhome and HaM Trjton KIQQ ^ Q

Whitco Emcol Cocobetaine at 0.320 grams
- total surfacants = 0.022 wt.%
- pH maintained at 10 by adding 4 mis of 20 wt.% NaOH.

and Haa$ TritQn ̂ .m at 0_1Q6 ̂^
Whitco Emcol Cocobetaine at 0. 160 grams
-total surfactants =0.011 wt.%
• pH maintained at 10 by adding 2.5 mis of 20 wt.% NaOH

Results reported on a dry weifht test

4-l4b
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These final runs included PAH analyses, as well as the oil and grease and methylene
chloride extractable analyses. The values appearing in parenthesis are the percent
removals calculated from comparison to the raw unwashed mean soil concentration
obtained from the statistical analyses for the raw PAH soil concentration. The high
percent removals for the oil and grease and methylene chloride extractable analyses
obtained in the screening runs were duplicated in the final runs, for both soil samples
tested. The PAH components had high percent removals also. The subsurface soil
washing experiment obtained over 99% removal of the total PAH components
present in the raw soil, and the surface soil washing experiment obtained over 77.7%
removal.

Each final soil washing test employed two 45 minute wash cycles, followed by one 10
minute rinse cycle. One 45 minute wash cycle consisted of a 15 minute mixing time
followed by a 30 minute washing/foaming time. The amount of surfactants added in
the first wash was decreased 50% for the second washing cycle. The soil to water
ratio used in all final runs was 1:5, on a weight:weight basis. Each final run utilized
500 g ot site soil and 2500 mis of tap water.

The surface and subsurface soil samples used in both soil washing and soil column
testing were toxicity tested by the Microtox bioassay. The surface and subsurface
soils were tested before and after soil washing. The surface and subsurface soils were
inadvertently sampled only before the soil column experiment. Results of the
Microtox testing arc repot led in duplicate for the EC50 at 5 and 15 minute exposure
times, in Table 4-9.

As can be seen in Table 4-9 both surface and subsurface soil samples collected from
area A-04 on the site where very toxic to the luminescent bacteria used in the
Microtox bioassay test After soil washing, the Microtox toxicity decreased about 3%
for the surface soils tested This small improvement did not change the surface soils
very toxic rating however. The subsurface soil samples also decreased in Microtox
toxicity after soil washing, about a 13 percent decrease. The subsurface soil toxicity
rating changed from very toxic to toxic after the soil washing treatment. The
improvement seen was most likely due to removing the majority of oil and grease and
PAH components from the soil samples treated by soil washing. However the still
.toxic rating after soil washing indicates that something other than the oil and grease

CO

oo
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TABLE 4-9
MICROTOX RESULTS

SITE SOIL SAMPLES AREA A-04

EC50 15
surface soil -—-——
surface soil
soil washed surface soilsoil washed surface soil
subsurface soilsubsurface soil
soil washed subsurface soilsoil washed subsurface soil

0.413%0.4^5%
2.994%
3.310%
0.342%
0.353%

13.494%
12.933%

0.448%
0.473%
3.420%
3.666%
0.379%0,357%

14.269%13.681%

subsurface soil used in soil columnssubsurface soil used in soil columns 0.422%
0.432% 0.451%

0.446%
oo

Toxicity Rfllif|g

4 - Very Toxic3 - Toxic2-Mildly Toxic1 - Slightly Toxic0 - Non Toxic

EC50

10-50%50-75%75-100%>100%

4-15a
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and PAH fractions of the soil is also exerting toxicity to the luminescent bacteria used
in Microtox testing.

4.6 In Situ Soil Bioreclamation

Introduction

A bench-scale soil bioreclamation experiment was performed by Keystone to
evaluate the feasibility of treating South Calvaicade soils biologically on-site. This
experiment attempted to simulate in situ soil conditions present at the site as closely
as possible. The bioreclamation experiment involved pumping site groundwater
through packed soil columns and supplying the proper nutrients and environmental
conditions necessary for microbial degradation of organics present in the soil. In
addition to enhancing the indigenous microorganisms present in the site soil, the soil
was seeded with sludge from an aeration tank which treated tar plant wastewaters
containing high concentrations of coal-tar related compounds.

For the coal tar related chemicals associated with the site, biodegradation,
sorption/desorption, and volatilization are some examples of competing factors
which may affect the process of in situ treatment. The degree to which each of these
factors influence in situ treatment depend on such things as (i) site hydrogeologic
conditions (ii) soil characteristics and (iii) physical/chemical characteristics of the
contaminants of interest.

Keystone, through previous research has proven that the coal tar related chemicals
can be biodegraded under the proper environmental conditions. (Keystone,
1986)1'2*3 Further supporting the biodegradability of aromatic hydrocarbons, a
paper by Gibson and Subramanian (1984)4 showed that microbial degradation
pathway studies have centered on mononuclear compounds, and with the exception
of naphthalene, phenanthrene and anthracene, little is known about the exact
metabolic pathways associated with the majority of porycyclic aromatic hydrocarbons.
Regardless of identifying the specific metabolic pathways, it is well established that
biodegradation of a majority of polycyclic aromatic hydrocarbons occurs under
.proper environmental conditions (Sims-1982). Degradation of PAH components
has been shown to be feasible by Keystone* as well as others cited in the literature
both by aerobic and anaerobic microbial degradation . Overcash and Pal (1979)^
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reference that microbes can degrade PAH's without using them as the sole source of
carbon but through co-metabolism with other organics present. Referenced work
examining nitrate (NO"3) respiration using [14C] benzoate confirmed the
dissimulation of the compound to carbon dioxide thus supporting the anaerobic
process with inference that such an anaerobic process is capable for biodegradation7 0of coal tar related organics. ' i 0 . • . _ . • „ - . - . • : - , . : : — - . - - • - -

Procedure . . . . . . . . . . . . - , : - . - ,

Three soil columns were packed with site soil to operate an 8 week bench-scale soil
bioreclamation experiment at the Monroeville treatability laboratory* Each column
was a 2* high glass cylinder, 4" in diameter, and contained 18" of 1/4 inch each
screened composite subsurface soil sample, collected from area A-04 at the site. The
columns were wrapped in aluminum foil to prevent the soil from being exposed to
light. The ends of the columns were plugged, except for a small hole at either end for
the feed, which was applied in an upflow mode through the columns. This ensured
that the columns were flooded to simulate the saturated zone of soil present on site.

One column was operated as a control, one in an aerobic, and one in an anaerobic
mode. To the aerobic column, hydrogen peroxide was added to supply oxygen. For
the anaerobic column, sodium nitrate was added to supply nitrate, to be used as the
electron acceptor in the anaerobic biodegradation process. In both the aerobic and
anaerobic soil columns, a sludge seed was added to the soil at the time of loading the
columns initially. This sludge seed was a biological sludge from an aeration tank
treating tar plant wastewater. This sludge seed was added to enrich the soil
microorganism population with microbes acclimated to using high strength organic
wastewater as a food source, The feed to the anaerobic and aerobic columns was
gravity settled groundwater, (a composite of Wells OW-10 and OW-11) pumped at a
rate calculated to simulate the horizontal permeability of site soil. Nutrients were
added to the groundwater feed in the form of ammonium phosphate dibasic (NH^
HPO^ at a dosage to maintain a residual concentration of nitrogen and phosphorus
in the column effluents. The control column was fed tap water only, and received no
nutrients or sludge seed.

in
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Sampling of the soil columns initially included the site soil in the control column, and
the site soil plus sludge seed present in both the aerobic and anaerobic columns. The
groundwater being fed was also sampled initially. Soil column effluents were
collected daily in PAH cleaned containers and samples were submitted every two
weeks. The effluent samples submitted for chemical analyses were taken from
composite samples collected over a 1 week period, so as not to violate any sample
holding times for the chemical analyses. The final sampling included the
groundwater feed, and the soil in each of the three columns, at the end of the 8 week
study.
Results

The influent groundwater used in the soil column experiment was a gravity settled
composite sample of wells OW-10 and OW-11. This influent groundwater was
sampled for the site chemicals of interest two times: at the beginning, and at the end
of the 8 week long soil column study. The results from these sample analyses are
presented in Appendix 12.

Bi-weekly soil column effluent samples were collected and analyzed for some site
chemicals of interest used to monitor the soil column treatment process. The results
of these bi-weekly effluent samples are presented in Appendix 12.

The soil used to load the soil columns was sampled twice, initially and at the end of
the soil column study. The initial sampling consisted of two separate samples; one
from the raw unseeded control column, and one sample from the sludge seeded
subsurface soil used to load both the aerobic and anaerobic soil columns. The results
of the soil analyses are presented in Appendix 12.

Influent Result*

The results of the analyses performed on the groundwater used as feed for the
aerobic and anaerobic soil columns, are summarized in Table 4-10. The groundwater
chemical concentrations remained constant between samplings with the exception of
the PAH components. The PAH concentrations decreased for all individual PAH
components, The total PAH concentrajtai -decreased over 71 percent from the
initial measured concentration of 4242 ug/1. The only metal out of the 13 sampled for
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TABLE 4-10
SOIL COLUMN STUDY

GROUNDWATER INFLUENT RESULTS

O iventional Pollutants (mg/0 Initial InfluentSample (1-1

BOD
CODOil and Grease
Phenols (4AAP)TKN as N
TOCTotal PO4
pH (units)

Total Detectable Metals Cue/1)
arsenic

Individual PAH (ug/1)
carbazolenaphthaleneacenaphtheneacenaphthylene
anthracenetluorenephenanthrenebenzo (A) anthracenechrysenefluoramhenepyrenebenzo (KJ fluoranthenebenzo (A) pyrenebenzo (B) fluoranthenedibenz (AH) anthraceneindeno (1,2,3-QD) pyrenebenzo (G,H,I) perylene

Total PAH

42.0240
20.85.70
8.8056.7
6.95

7.5

12.7

304
2700

352
178

30.5189
28813.1
10.8
83.583.8
1.031.68
2.90
L650.7661.62

4242.3

Final InfluentS.ample (3-.

240
178

26.3
3.47
7.35
52.6
6. 10

7.6

28.1
739
146

87.8
8.97
55.9
76.9
4.60
3.54
25.3
20.60.4830.841
1 .32
1.100.355

0.630

1201.4

in
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groundwater was "^ tt the influem to *c aerobic and anaerobic soil
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that appeared above detection limit concentrations in the groundwater feed was
arsenic, present in the initial sampling at 12.7 ug/1.

The flowrate of groundwater pumped through the non-control soil columns was 1.25
mis/minute, for a total volume of groundwater treated through each soil column of
26.6 gallons. The influent to the control column was tap water only, also pumped
upflow at 1.25 mis/minute, for a total of 26.6 gallons for the study.
Operational Data

The soil columns were operated for eight weeks in Keystone's treatability laboratory.
During the course of the study various tests were performed to monitor the influents
and effluents for the soil columns to ensure proper operation. Parameters measured
by test kits included phenols (4-AAP), ammonia nitrogen, ortho-phosphorus, and
nitrate. Also measured regularly in the lab were dissolved oxygen concentration and
PH.

The control soil column received no nutrients and there were none measured in it's
effluent. The pH of the control column effluent decreased for the first three weeks
to remain stable at the 6.5 to 7.0 range. The dissolved oxygen of the Control soil
column likewise decreased until the fourth week where it stabilized at a 0.5-1.0 mg/1range.

The anaerobic soil columns operational parameters were also kept as desired. The
influent groundwater feed supplied a consistent phenol, nitrogen, and phosphorus
loading to the column and the effluents collected always had some of these nutrients
present. The pH of the anaerobic columns influent ranged from 7.4 to 8.0 and the
effluent pH ranged from 7.3 to 7.6. The dissolved oxygen concentration maintained
in the soil column was always low, and it ranged from 0.2 to 0.7 mg/1. Nitrate was
added to this soil column in the form of sodium nitrate. The influent nitrate
concentrations ranged from 1 to 30 mg/1 and the effluent nitrate concentrations
ranged from 1 to 15 rag/1, Approximately one-half of the applied nitrate to the
anaerobic soil columns was consumed in the anaerobic biological reactions.

The aerobic soil column also had good operational data. The nutrients added were
partly used, with a residual remaining in the column effluents. Ample dissolved
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oxygen was supplied by hydrogen peroxide additions, and the dissolved oxygen
concentration in the column varied from 2 to 20 mg/1. No nitrate was added or
measured in the column effluent. The phenols present in the groundwater influent
was all consumed after about week #3, as measured by phenols test kit of the column
effluent. The pH of the aerobic column influent was approximately 7.6 and the
effluent pH averaged about 6.9.

In conclusion, the operational parameters measured during the soil column study
indicate that the desired environmental conditions were maintained for each soil
column. The fact that nutrients added to the aerobic and anaerobic soil columns
were being used is a positive indicator of biological activity. The pH decrease in the
aerobic soil column is also a possible indication of some biological reduction, with
subsequent production of acids. The oxygen demand exerted by the aerobic column
is also another good indicator of biological activity occurring. Similarly the hydrogen
peroxide usage in the anaerobic soil column indicates that some biological activity
may have been occurring.

Effiuent Results

in
in
O
r-oo

ii

i

The complete results of soil column effluent analyses for selected site chemicals of
interest are presented in Appendix 12. These results are summarized for each soil
column in Tables 4-11 through 4-13. Included in these tables is the total PAHs,
which totals the 17 individual PAH components. Also included is a breakdown of the
effluent PAH's by the number of benzene rings comprising the individual PAHs.
The 2 and 3 ring PAH components are grouped together, as are the 4, 5 and 6 ring
PAHs. This was done to illustrate the proportion of the more readily biodegradable
PAH components, i.e. the lower molecular weight, more water soluble, 2 and 3 ring
PAH components.

As can be seen in Table 4-11 the total PAH in the control column effluent samples
remained consistent throughout the 8 week study. The large portion of the total
column effluent PAHs were the more water soluble, lower ring PAHs (99 percent).
The fact that the effiuent PAH concentration did not decrease over the weeks of
operation is an indication that no biological activity was occurring in the control
column and that the effluent PAHs were ..merely solubilized off the soil in_the
columns and into the effluent.
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TABLE 4-a
SOIL COLUMN EFFLUENT RESULTS

CONTROL COLUMN #1

Parameter
Phenols(4AAP) mg/!
TOC (mgl)
Total PO4 (mgl)
Phosphate (o) as P (mgl)
pH
Total PAH (ug/l)
Naphthalene (ug/l)

1-21-88
3.54
53.1

< 0.100
< 0.100

-
875.6

742

0.439
13.5

-
< 0.100

6.8
912.7

725

2-18.88
0.206

10.8
•

< 0.100
6.5

792.5
670

3-3-J8
0. 137

10.2
,

< 0.100
7.2

717.07
496

soina
oo

2 & 3 ring PAH's
4.5 & 6 ring PAH/s

867.3(99%) 903.2(99%) >786.9(99%) 713.54(99%)
8.36(1%) 9,54(1%) 5.6(1%) 3.53(1%)
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TABLE 4-12
SOIL COLUMN EFFLUENT RESULTS

ANAEROBIC COLUMN #2

Parameter
Phenols(4AAP) mg/1
TOC(mgl)
Total PO4 (mgl)
Phosphate (o) as P (mgl)
PH
Total PAH (ug/1)
Naphthalene (ug/1)

1-21-88
2.12
64.4

0.550
0.390

-
181.4
24.0

2^88
1.86
363""

*
1.74
7.3

164.0
<2.00

• .-""'-*

2-18-88
1 . 16
34.7
.

4.98
7.5

145.6
4.3

3-3-88
L20
32,7

4.39
7.6

66.489
<2.00

r-in
r-oo

2 & 3 ring PAH's
4,5 & 6 ring PAH/s

167.8(92%) 146.7(89%) 128.4(88%) 55.13(83%)
13.6(8%) 17.3(11%) 17.2(12%) 11 .359(17%)
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TABLE 4-13
SOIL COLUMN EFFLUENT RESULTS

AEROBIC COLUMN #3

Parameter
Phenols(4AAP) mg/l
TOC(mgl)
Total PO4 (mgl)
Phosphate (o) as P (mgl)
pH
Total PAH (ug/1)
Naphthalene (ug/1)

2 & 3 ring PAH's
4,5 & 6 ring PAH/s

1-21-88
Ml*?**

55.2
1.69
1 .37

*
363.1
3. 13

M£§
3.17
47.2

-
0.910

6.9
658.3
<2.00

2-18-88
.0.555

41.6
.

3.59
7.0

185.0
<2.00

3-3-88
0.^97

33.7
*

3.56
7.1

181.82 £
<2.00 o

227.4(62.6%) 389,7(59.2%) 41.2(22.3%) 29.11(16%)
135.7(37.4%) 268.6(40.8%) 143.8(77.7%) 152.71(84%)

r*-oo
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Table 4-12 presents the anaerobic soil column effluent results, and as can be seen,
the total PAH concentration is much less than the control columns effluent PAH
concentration. Also the amount of PAH decreases as the weeks of the study
progressed, indicating that biological degradation of the PAH's in the groundwater
feed and, or column soil was occurring.

Also noteworthy is thai the relative proportion of the more biodegradable 2 and 3
ring components is less than the control column effluent results. This would be
expected if some biological degradation of PAHs was occurring. This trend also
increased as the weeks of the study progressed.

Table 4-13 presents the aerobic soil column effluent results. The total PAH
concentration in the effluent is also less than the control column's concentration and
shows a decreasing effect over the time frame studied. The relative proportion of 2
and 3 ring PAH components is the lowest of all columns, and they decrease over
time, further supporting that biological degradation was occurring. The aerobic
mode of operation shows the highest reduction in the lower molecular weight PAH
components of all three columns tested.

Further evidence supporting that the water phase PAH components were
biodegraded can be seen by viewing the naphthalene results. The control columns
results show that this water soluble PAH will be removed from site soil into the
effluent phase (i.e. it was solubilized). The two seeded columns however show
naphthalene removal to at, or very near, detection limit in the effluent after only one
week of operation and continuing until the end of the study. This indicates that once
solubilized, PAHs can be degraded biologically by the soil columns operated either
aerobically or anaerobicaily, even in this very limited 8 week time period.

Other results from the effluent Tables 4-11 through 4*13 show that: (1) ample
phosphorus was available for the biological population to utilize, (2) the phenols (4-
AAP) washed out of the control column soil initially then leveled off, while the
aerobic and anaerobic columns which had more phenols applied in their
groundwater feeds, showed some phenol degradation, (3) TOC washed out of the
control column initially then leveled off, while the aerobic and anaerobic TOC

4-21
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effluent concentrations remained more consistent, and (4) the pH of all the soil
columns was at or very near neutral, as desired.

Soil Results

The subsurface soil used in the soil column study was sampled twice; at the start and
at the end of the 8 week study. The results of the soil sample analyses are presented
in Appendix 12, as received from Keystone's Monroevjllc laboratory. The initial
sampling results are labeled seeded col. and raw ;ol. which stand for the sludge
seeded subsurface soil, and the subsurface soil respectively. The aerobic and
anaerobic scil columns included a sludge seed along with the subsurface soil, while
the control column was loaded with subsurface soil sample only. The final soil
sampling results are labeled by the mode of operation, i.e. aero, for the aerobic,
anaer. for the anaerobic, and control for the control column.

Hie results given in Appendix 12 are summarized in Tables 4-14 through 4-16 for
each column on a dry weight basis, (o allow direct comparison to be made between
different sample results. The soil results obtained were inconclusive, with very wide
variations of chemical concentrations measured between snrnplings. Due to the
uncertainty of the soil sample results, no statistically valid conclusions can be made
concerning the soil column performance with regard to the soil phase.

4.7 Slurry Reactors

As part of the btodegradation work performed using site groundwater and soil
samples, Keystone also performed testing using two "slurry reactors." These slurry
reactors, also called suspended growth biological reactors, each contained subsurface
soil from area A-04 and enough gravity settled groundwater to form a 2500 oil slurry.
The amount of groundwater and soil needed to form this 2500 ml working volume of
slurry was 1953 grams of soil and 1563 mis of groundwater. This laboratory testing
did not attempt to simulate any site hydrogeologic condition*, but instead was
designed to provide the environmental conditions necessary to maintain an in situ
microbial population capable of degrading the chemicals of interest, i.e. PAH's. The
major differences between this work and the soil column study was that this shorter
duration (1 month) slurry testing by design was not as mass transfer limited as were
the columns. The constant mixing provided maximum soil/water contact in the

O
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TABLE 4-14
SOIL COLUMN SOIL RESULTS

CONTROL COLUMN #1

Initial
.Phenol (mg.'kg)Phosphorous (mg, "kg)PH(uni i s )TKN(mglcg) n% Solids @ 103°CMeCI extraciablesTotal PAH (ug/Vg)

Total Metp
AntimonyArsenicBerylliumCadmiumChromiumCopperLeadMercuryNickelSeleniumSilver

SodiumThalliumZinc

ArsenicBariumCadmiumChromiumCopperLeadMercurySeleniumSilver

ArsenicChromiumCopper
NOTE: All reported results are on a dry weight basis

23.1215,58435.6
< 1 1 .5"8.39147.9ftri SOO. J12,0233,348,941

<60009,480<500<50077,6002,5306.450<100<4000<500<1000
1

72.5<1000144,000

< 0.500<0.200<0.005<0.010<0.025<O.IOO<0.0002<0.500<o,oio

<0.500<0.010<0.025

Hnal r3..l.«ftj
- -13,977

-.11.2201-80<63.57.69
27878.73,761

140,966

<600050,9531.360<50019,3149,1997,8651 ,741
<4000<500<1000

<100047.903

< 0.500<0.200< 0.005<0.010< 0.025<0.100<0.0002<0.500<0.010

<0.500<0.010<0.025

o
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TOC mg/kg
Oil & Grease (mgIce)Phenol (mg/kg)
Phosphorous (melee)PH (units) * *;TKN (mg/kg)
** Solids @ 103°C
MeClextractab!es(mg'ktTotal PAH (ug/lcg) * fc

TABLE 4-is
SOIL COLUMN SOIL RESULTS

ANAEROBIC COLUMN #2

Initial f l-l
19.640

AntimonyArsenicBerylliumCadmiumChromiumCopperLeadMercuryNickelSeleniumSilver

SodiumThalliumZinc
EPTOX Metals (mg/1)

ArsenicBariumCadmiumChromiumCopperLeadMercurySeleniumSilver

ArsenicChromiumCopper

85.6
40.4

< 12 .8
7.96

252.9
77.9

359.4
942,849

<600038,400<500<50022.400
< 2,500

4820<100<4000<500
<1000

81.0<1284
94,736

< 0.500<0.200< 0.005<0.010<0.025<0.100<0.0002< 0.500
<0,010

<0.500<0.010< 0.025

Final (3-3-tt«]>
14.599
10.839

3.77
99.5
8.19291
77.4

2532
2,027,519

<600019,767
1.382
<500123.773
7933
7584
3049

<4000
<500

<1000

<1000
157,623

< 0.500<0.200
<0.005
< 0.010<0.025
<0.100

<0.0002<0.500
<0.010

NOTE; All reported results are on a dry weight basis.
4-22b

< 0.500<0.010<0.025
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TABLE 4-16
SOIL COLUMN SOIL RESULTS

AEROBIC COLUMN #3
Parameter
TOC mg/kg
Oil & Grease (rngVg)Phenol (mg/kg)
Phosphorous fagflcg)PH (units)TKN (mg/kg)
% Solids @ 103°C
MeCI extractables (mg/kg)Total PAH (ug/kg)
Total Metals fug/kg)

AntimonyArsenicBerylliumCadmiumChromiumCopperLeadMercuryNickelSeleniumSilver
Cationic Exchange Capacity lug/kg)

SodiumThalliumZinc
EPTOX Metal? <jng/n

ArsenicBariumCadmiumChromiumCopperLeadMercurySeleniumSilver

ArsenicChromiumCopper
NOTE:

19,640
- -85.6

40.4
< 12.87.96252.9

77.9359.4
942,849

<6000
38,400
<500
<50022,400

< 2,500
4820<100

<4000
<500<1000

81.0
<1000
94,736

<0.500<0.200<0.005<0.010< 0.025<0.100< 0.0002<0.500
<0.010

<0.500<0.010<0.025

8,723
9,153
3.29
78.47.34
25079.1

1094
4,070,544

<60009027
1302<500

11,530
4,5135,4742,491<4000
<500

<1000

<1000
34,260

< 0.500< 0.200
<0.005
<0.010< 0.025
< 0.100
< 0.0002<0.5QO<0.010

All reported results are on a dry weight basis.
4-22c

<0.500< 0.010< 0.025
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reactors. Hence these slurry reactors served as accelerated biodegradation units,
giving a quick prediction as to the feasibility of using biological degradation at this
site. Due to time constraints imposed on the study, this slurry reactor work was
performed concurrently with the soil column experiment, rather than before it.

Procedure

Presented in Figure 4.7-1 are schematic diagrams of the aerobic and anaerobic
bench-scale reactors used in this study. Each reactor contained 2500 mis of slurry in
the total 4000 ml volume capacity of the glass reactors. An electric stirrer was
mounted inside each reactor and it turned just fast enough to keep the soil in
suspension. The aerobic reactor was supplied humidified air through porous
airstones in order to maintain a minimum dissolved oxygen concentration of 3 mg/1
throughout the study. The anaerobic reactor was supplied with a nitrogen gas
blanket on top of the slurry surface to maintain anaerobic conditions in the reactor.
Tap water was used to make up for daily evaporation losses. Water removed for
testing was not replaced,so as not to dilute the slurry mixture.

The pH of both slurry reactors was monitored daily and they remained about neutral,
at 7. Nutrients were added to each reactor by the addition of ammonium phosphate
dibasic, so that a residual concentration of both nitrogen and phosphorus was
maintained in the slurries. For the anaerobic reactor sodium nitrate was added as a
nitrate source for use in the anaerobic treatment process.

Test kit analyses were performed three times per week, measuring nitrogen,
phosphorus, and nitrate concentrations present in the slurry. The reactors were run
for a total of four weeks. The soil and groundwater used initially to seed the reactors
was sampled, as was the soil phase and water phase of each reactor after the end of
week #4.

r-oo

At the conclusion of this experiment the soil was separated from the water phase by
filtration. The water phase was light brown in color and contained fine particles in
suspension (assumed to be clay), which made filtering difficult. The final pH of the
aerobic water phase was 7.4 and the anaerobic was 7,3. The pH fluctuated from 6.6
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uo 7.4 throughout the study. The dissolved oxygen concentration in the aerobic
reactor ranged form 4 to 8 with an average value of 6.4 mg/1, and the anaerobic slurry
reactor's dissolved oxygen varied from 0.15 to 1.0 mg/1, with an average value cf 0.36
mg.1.

The aerobic reactor experienced several violent foaming incidences as laboratory
house air was added to maintain the dissolved oxygen concentration. An estimated
725 mis of water, and a minimal amount of soil were lost as the foam spilled out of its
reactor several times at night. Tap water was added to make-up the reactor volume,
therefore, the aerobic water phase was diluted approximately 1/3 due to this
unexpected foaming problem. After the initial foaming incident a commercial
amifoam product (DOW P-2000) was added. The foaming subsided but returned a
week later. Air addition to the aerobic reactor was kept at a minimum, to achieve a
dissolved oxygen concentration of 3.0 mg/1 in the reactor, to help alleviate this
foaming problem.

The nitrogen concentrations were measured by test kit analyses in the lab. The
aerobic reactor used an average of 1.2 mg/1 of nitrogen per day, and the anaerobic
reactor used an average of 0.85 mg/l of nitrogen per day. Phosphorus was similarly
monitored throughout the study. The average daily use of phosphorus was: aerobic
1.5 mg/1, and the anaerobic 1.2 mg/1. Additionally the anaerobic slurry reactor was
supplied nitrate by adding sodium nitrate (NaNC^). The nitrate served as an
electron acceptor in the anaerobic degradation reactions, similar to the role oxygen
played in the aerobic reactor. The average nitrate concentration used per day by the
anaerobic slurry reactor was approximately 3 mg/1. These test kit measurements for
nutrients and nitrate showed very consistent daily amounts used by the slurry
reactors. This can be viewed as a positive indication of biological activity occurring in
the reactors.

The chemical analyses of the slurry reactor's water and soil phases are presented in
Appendix 13. The first section presents the initial concentrations and the second
section presents the final concentrations after 4 weeks of operation. The results
listed in Appendix 13 are as received from Keystone's Monroevilte laboratory, i.e.
spij_ results are not cpneetC]dLiga.dry weight basis.
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Table 4-17 lists the results of the slurry reactor testing with the soil results corrected
to a dry weight basis to allow direct comparison between samples. The listed initial
soil concentration is the assumed soil PAH concentration obtained from the
statistical analysis of the six data sets of raw untreated soil PAH concentration
measurements. Initial water and soil concentrations are listed as well as the final soil
and water concentrations after four weeks of operation. The percent removals from
initial soil and water concentrations are calculated and listed for both the aerobic and
anaerobic slurry reactors.

The aerobic reactor showed a 61.6 percent decrease in total PAH concentration in
the water phase. The biological population in the slurry degraded the soluble PAH's
after they left the surfaces of the soil particles and went into the liquid phase. The
anaerobic reactor also showed 3 decrease in the water phase PAH components with
over 88 percent reduction in total PAHs obtained. The daily use of nutrients,
nitrogen, phosphorus, and nitrate for the anaerobic reactor support that the decrease
in PAH concentration in the water phase was due to biological degradation, both
aerobically and anaerobically. Additionally supporting this phenomena is the results
of individual PAH components. The lower 2 and 3 ring molecular weight PAH's are
those which are more water soluble and are more readily biodegraded than are the
less soluble higher 4, 5 and 6 ring compounds. For example, the naphthalene (a 2
ring PAH) concentration in the initial slurry reactor water phase was 1910 ug/1, and
in the final water phase of the aerobic reactor it was 12.3 ug/1. This represents a 99%
decrease in concentration. Similarly carbazole (a 2 ring PAH) showed a 97%
decrease, and acenaphthylene (a 3 ring PAH) showed a 51% decrease, in the aerobic
slurry reactor. The anaerobic slurry reactor water phase showed similar high
removal rates for the low ring PAH components; naphthalene >99%, and carbazoie
>97%, (acenaphthylene had an interference in final testing and no result was
reported).

The soil phase of the slurry reactor experiment presents the same problem addressed
earlier concerning the wide variations encountered in analyzing a heterogeneous soil
matrix by a very sensitive analytical technique. This becomes even more of problem
when the PAH concentrations are elevated. For this reason, it it difficult to interpret
the soil results from one PAH measurement from each treated slurry reactor soil.
The high PAH concentration found in the one treated anaerobic soil test was the
highest of all measurements in the treatability work, at twice the next highest soil
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TABLE 4.17
SLURRY REACTOR RESULTS*1)

Parameter InitialWater FinalWater

AEROBIC SLURRY REACTOR
PercentRemoval Initial

Soil
Final
Soil

Percent
Removal

pH
% Solids
Total PAH (ppb)(2>

7.4

2311.4

7.4

888.0 61.6

8.53
86.7

3,747,490(3>

7.22
74.1

1,999,825

15 .4
14.5
46.6

Parameter Water

ANAEROBIC SLURRY REACTOR
Fieal PercentWater____Removal____________

InitialSoil
FinalSoil

Percent
Removal

PH
% Solids :
Total PAH (ppb

7.4

2311.4

7.3

275.2

1.4

88.1

8.53
86.7

3,747,490(3>

7.33
77,6

5,046,289

14.1
10.5

(1) Tlte results reported are on a dry weight basis.(2) Total PAH (ppb) « Total polynuc&ar aromatic hydrocarbons, in parts per billion (ug/l for the water phase, and ug/kg for the soil phase).
(3) Total PAH mean value from statistical analysis, assumed raw soil concentration.(4) (+) indicates tat increase ta that parameter's concentration.

0 0 7 9 6 8
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II PAH result obtained in the study. It would be unwise to attempt to draw any
conclusions from one soil result for each slurry reactor soil due to the inherent
variations of analytical results discovered during these soil analyses.

4.8 Activated Sludge Co-Treatabilitv

Introduction

iii
iii
ii

As part of the initial technology screening selection process, activated sludge
treatment for the groundwater was proposed for inclusion in the laboratory
evaluation. Based upon both published literature, and Keystone's in-house data on
biological trea'ment of wood treating wastewaters, it was decided not to spend any of
the treatability budget on evaluating a technology which is proven to be technically
feasible on the chemicals of interest found at the South calvalcade site. Additionally
the concept of co-treatability would be difficult to accurately simulate on a bench-
scale and is better suited for a pilot plant study. A 1987 Keystone pilot plant study
which tested the concept of co-treatabiiiry, proved it to be technically feasible, and
will be used as an example for comparison to the South Calvalcade site.

The pilot plant treatability study was designed to treat groundwaters form Former
Manufactured Gas Plant (MGP) sites in conjunction with municipal wastewaters, at a
Publicly Owned Treatment Works (POTW). Specifically this study was performed at
a New York POTW which uses conventional activated sludge treatment and has an
average daily flow of about 1 million gallons per day (1MGD). This pilot study was
designed as a research project for the government, as well as a specific MGP site
remediation project for a utility company client. The chemicals of interest for the
MGP sites listed in Table 4-18 include all of the chemicals of interest found at the
South Calvalcade site.

The majority of the chemicals of interest are biodegradable to different degrees in an
activated sludge process, with some exceptions, i.e. metals. However, the fate of
these chemicals once added as feed to a POTW activated sludge wastewater
treatment process is not presently known. For this reason, the investigative pilot
work was performed. ; : ... . . .„_:_;:. :rvr.:.. __:^:._^.-.r/ :::^~-:m^-

vQ
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TABLE 4-18

"CHEMICALS OF INTEREST" ASSOCIATED WITH MGP SITES

•INORGANICS •METALS
AMMONIA
CYANIDE
NITRATE
SULFATE

> SULFIOE
' THIOCYANATESto

ALUMINUM
ANTIMONY
ARSENIC
BARIUM
CADMIUM
CHROMIUM
COPPER
IRON
MANGANESE
MERCURY
NICKEL
SELENIUM
SILVER
VANADIUM
ZINC

VOLATILE •POLYNUCLEAH AROMATICAROMATICS -PHENOLICS HYDROCARBONS
BENZENE
ETHYL BENZENE
TOLUENE
TOTAL XYLENES

PHENOL ACENAPHTHENE
2-METHYLPHENOL ACENAPHTHYLENE
4-METHYLPHENOL ANTHRACENE
2. 4-DYMETHYL- BENZO (A) ANTHRACENE

PHENOL BENZO (A) PYRENE
BENZO (B) FLUORANTHENE
BENZO (G. H. I) PERYLENE
BENZO CK) FLUOHANTHENE
CHHYSENE
DIBENZO (A. H) ANTHRACENE
DIBENZOFURAN
FLUORANTHENE
FLUORENE
NAPHTHALENE
PHENANTHRENE
PYHENE
2-METHYLNAPHTHALENE

Reference. MantfciMitt of Manufactured Ca« Plant Site,.
CK3-8//0260.4

IV Site Mryatoae En»irOn«nt«ir Rrsources el al\J
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Procedure

ii
iiii

The pilot plant simulated the operating conditions present at the POTW, in order to
evaluate the effects of adding industrial type groundwatcr feeds into an acclimated
population of microorganisms treating raw sewage. The pilot plant consisted of
three separate reactors each consisting of a 45 gallon activated sludge aeration tank
and a 30 gallon external clarifier, all made out of stainless steel. One reactor served
as a control unit, and received only POTW influent. The second reactor was fed a
mixture of 20% industrial groundwater and 80% POTW influent. The industrial site
groundwater was collected from a former coke plant site which contained elevated
concentrations of coke and coal tar components. The level of contamination present
in the industrial site groundwater was much higher than the MGP site groundwater.
or the South Calvalcade site groundwatcr. As such, this industrial site fecdwater
served as a worse case treatment scenario for the activated sludge experiment. The
elevated concentrations present in the industrial site groundwater, ensured that
dilution alone would not render the influent concentrations to the biological reactor
below detectable limits. The third reactor was fed 5% MGP site groundwater and
95% POTW influent water. The 5% figure for the MGP site was based upon the
estimated dilution of site groundwater if all of it was pumped to the POTW for
treatment. This ratio was actually less than 1% but was increased to provide a safety
factor and to allow possible future higher pumping rates from the site. Even at this
higher percentage* influent chemical concentrations for the MGP site reactor were
below detectable limits, due to the dilution effect alone.

All three reactors were maintained at a solids retention time (SRT) of approximately
13.5 days, and the hydraulic retention times (HRT) were maintained approximately 8
hours. The reactors were operated for a total of 50 days with steady-state conditions
assumed during the last 10 days of operation. At this assumed time for beginning
steady-state operation, the initial seed activated sludge was 87% "washed-out" from
the reactors. Thus the sludges in each of the three reactors were representative of
the long term sludges which would be obtained from treating each of the respective
influent wastewaters.

During operation of the pilot plant intensive sampling and analyses were performed
on each reactor, which included: the influent and effluent streams, the raw waters
used to make the influent, the wasted biological sludge from the aeration tank, a

r-Oo
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microbiaJ identification/quantification of (he mixed liquor biological sludge
population, bioassay work on the influent and effluent streams, and air emissionsfrom the aeration tank.

Issues of concern for this study were many, some examples include.- (1) the effects of
adding rnetals and PAH compounds into the feed where previously none had existed,
and how this would affect the effluent quality, the microbiai population, and the
resuliam wasted sludge (2) ?he speed of acclimation to the new industrial feed
sources, as well as how this new feed would affect unit operations, i.e. sludge settling
characteristics! aeration requirements, F/M ratios (food to microorganism ratios),
sludge recycle ratios, hydraulic retention times (HRT), sludge retention times (SRT),and other sanitary engineering type concerns.
Summary of Results

Results and interpretation of the investigative work performed is summarized in thefollowing paragraphs.

The control reactor influent municipal wa/tewater contained no detectable levels of
the chemicals of interest, As designed, the MOP reactor had no chemicals of interest
in the influent above detection limit. This was the case due to dilution of the influent,
aven though the raw water collected form the MGP site did contain most of the
chemicals of interest at elevated concentrations. The industrial (site) reactor
contained the chemicals of interest above detectabte limits In the influent, even after
a 1:4 part dilution of groundwater to ?OTW influent water. Table 4-19 lists the
mean influent concentrations to each of the three reactors during the pilot study.

In terms of operational parameters i.e. dissolved oxygen concentration, pH, bacterial
solids concentration, HRT, SRT, sludge recycle ratios, etc,, there were no significant
differences among the three reactors. As cited in Table 4-20 all three reactors
produced the same treated clarified effluent quality in terms of: conventional,
inorganic, volatile aromatic*, and metals chemical parameters- In terms of total
phenolics and total PAH, the industrial site reactor showed slightly higher effluent
concentrations. Even though some of the chemicals of interest were 'detected in the
industrial site reactors effluent, the concentrations measured were below Best

o
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TAJLE 4-19

Chemical Control (MGP) (Industrial)

• fST"'; M ± o.,• VSS f; - i9

FSS " ± J<
I TOC .? * s

BOD-T U & I*BOD-S 5i * 36
I COD-T .of £ 1?COD-S Q{ * ?3/^ A /* ' J + Jo° * G H T T?
|

TO$ 7ff A UTDVS ;<4f i I7?THFS J5* ± J*5• tnTJ 5^4 A <Aa Conductivity — 501 AS^ff «« ± ^
|fSf°3(pH45) 306 ± 39

Onho-Phosphate l'g ^ 0}1 Imuuoifii:
1 Ammonia Nitrogen M + »N,ENi»,o8en ftg j 0.05

ISuifide j 4^ "J rt *JThiocyanate <J2 T JMTotal Cyanide <Q.OI f ?J* U

JteiueneCugl) <2J7•Toluene (ugl) 667 r fx;"Toral — ^*
BXy(enes(ug^) <4.4 * 10
^H Mito • * • *

^rh^flrtf tj*«* - - -

total
"Phenolics (ug/1) 331 + 17g
1 -_,._,ri^....-, . -4 _2f

« ± 0.174 ± 2757 * m
18 ± 2539 ± 9

27 | ̂
U4 **" .*42 1 34S2 i 41
*4 ± 24?ia > 92W T 2S629 i 72

872 i 3i

09 * "•*• •

0-06 T o.l» i 24<l ± 0<1 + 0°-03 i 0.01

<H* i 0.3!886 i 5.94
J-W i J.tf._. ..

269 ± 170
la

**? ± O.I
12] i 83

'M ± 7222 i 22J^ i 15£ ± 30.« ± 21* '1 i 64119 ± 7921 t J
^5 T 77
« ± 31561 i 50

«» A 59
293 i jg19 T 3
'•2 T 1.2

15 ± 20.07 * o.l
,6? ^ 12

<M ± 0.3<\ ± 00-03 i o.O]

346 ± 195
163 i 132

.: HI * 123

937 ± 474

mr—
r-oo
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TA£LE 4-19 (continued)

(MGP)tt

IIIi

Total PAH (ug/1) <23.9 ± 3*7 <9,96 ± 0

NOTE: values in mg^ unless otherwise noted.

(Industrial)* jactnr

3607.1 i 3654.4

O
O
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TABLE 4-20

I
I
I
I
I
I
I
I

irt-Diic 4-20
CLARIFIED EFFLUENT WATER QUALITY RESULTS

STEADY-STATE. MEAN CONCENTRATIONS
(X ± 95% CI)

WATER QUALITYPARAMETER
CONVENTIONAL:

PH. UNITS
Alk . as CaC03 (pH-4.5)
TOTAL SUSPENDED SOLIDS
TKN
ORTHO-PHOSPHATE
TOTAL ORGANIC CARBON
800S -T
BOOS -S
COD -T
COO -SOIL AND GREASE

INORGANIC:
AMMONIA NITROGENTOTAL CYANIDE
NITRATE
SULFIDE
THIOCYANATE
SULFATE

CONTROLREACTOR

7 . 8 4 0 . 1 7
213 ± 16
16± 4
1 . 9 2 4 2
1 . 9 9 4 0 . 4
104 2
94 5
24 1
324 1 1
274 5
<64 0

(MGP>

REACTORA

7 . 9 ± 0 . 2
189 4 15
124 3
1 . 2 * 0 . 5
0 . 6 * 0 . 1
6 . 5 * 1 . 5
6 4 2
2* 1
2 6 4 g
15* 11
<6* 1

(INDUSTRIAL)

REACTORB

7 . 9 4 Q . 2
202 4 21
19* 3
1 . 5 2 4 1 . 1
0 . 7 ± 0 . 6
8 . 6 4 1
7 * 1 . 5
1 * 1
364 9
274 6
<6* 0

VOLATILE AROKATICS
< 0 . 9 1 * 1 . 2 4

«>•92* 1 .22 <0 .56 i i <0 .9 2 ± 1

<9.96± 0 19.22 «
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TABLE 4-21

CIHDUSTRIAL)

RESULTS

PAH COMPONENT

NAPHTHALENE
ACENAPHTHENE
ACENAPHTHYLENE
ANTHRACENE
FLUORENE
PHENANTHRENE
BENZO (A) ANTHRACENE
CHRYSENE
FLUORANTHENE
PYRENE
0ENZO (KJ FLUORANTHENE
0ENZO (A) PYRENE
flENZO (0) FLUORANTHENE
OI0ENZ (A. H) ANTHRACENE
INOENO (1. 2. 3-C. 0) PYRENE
BENZO ffi. H I) PERYLENE

* OF
RINGS

X OF
SOLUBILITY f INFLUENT

VOLATILIZED

31700
3930

3.8

4 .2

°F OF
.... *_wtr* ISLUDGE) BIOOEGRADED

X OF
INFLUENTIN
CLARIFIED!
EFFLUENT

NOTE: LESS THAN VALUES "<" ADO ^«t-ucs < ARE CGNSI
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TABLE 4-22

CHEMICAL CONTROLPARAMETER UNIT
CONVENTIONAL
• pH, UNITS 7.4 ± 0.9
• OIL S GREASE 4. 156 ± 7. 464
• TOTAL PHOSPHORUS 1 1 .078 ± 890• TKN
• BTU/LB | 311

VOLATILE AROMATICS
• BENZENE <0.308 ± 0. 1 1 1
•TOLUENE <0.350 ± 0.361

XYLENE <0.213 ± 0.544
TOTAL PHENOLICS
TOTAL PAH 324 ± 554

7 ± 4.6

REACTORA

7.5 ± 0.2
3. 245 ± 1. 901

REACTORB

7.6 ± 0.2
5. 189 ± 4. 660

2i!r I °'247 6-84B ± 20 '759<0 .248± 0 . 1 18 0 . 6 6 5 ± 1 . 150<0-271 ± 0.355 <0 .667 ± 0.935
167 ± 221

6 ± 3 774 ± 1. 228
449 ± 514
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interest present in higher concentrations than those measured in the South
Calvaicade site groundwater. Of concern for the South Calvalcade site is that the
groundwater may not contain enough soluble biodegradable organics to maintain the
organic loading rate needed to support the large population of organisms present in
an activated sludge system by feeding groundwater alone. Hence the concept of co-
treatability was considered to be a technically feasible solution for treating site
groundwater by using the activated sludge process.

Relevant performance data was obtained from Keystone's in-house data base for tar
plant, coke plant, chemical plant, and wood preserving (creosote) plant wastewaters.
Nineteen separate cases were noted using different wastewaters and/or operating
conditions. AJI of the data were obtained from bench-scale or pilot-r^ale wastewater
treatability studies except for one full-scale study (Case 11). These wastewaters
contained compounds which are similar to MGP site components including:
phenolics, polynuclear aromatic hydrocarbons (PAHs), benzene, toluene* xylene
(BTX), some metals, aud various indicator parameters, i.e. oil and grease, ammonia.

The performance data from the nineteen cases (1-19) are presented in Appendix A
of this report. Included in Appendix A are the range of operating conditions
followed by the specific performance data in the form of percent removals based
upon influent and effluent analytical values. The following is a summary of the
performance data broken down by the type of chemical compound analyzed.

o

o

Phenols (4-AAP) removal was very good with removal rates generally
exceeding 99 percent The influent phenols concentration ranged from
21 mg/1 to 1,041 mg/1 and effluent phenols concentrations were 0.003
mg/1 to 1.81 mg/1.

Total cyanide, ammonia nitrogen, and thiocyanates (SCN) were also
removed c itc well from the wastewater in two particular cases (5,6).
These two cases focused on the removal of these parameters through
biological nitrification. Ammonia nitrogen, thiocyanatc, and cyanide
were removed by greater than 99 percent in both cases except for
cyanide (98,8 percent) and ammonia (95 percent) in case 6. Influent
ammonia nitrogen ranged from 1,131 mg/1 to 33,9 mg/1 and effluent
values from 4.05 mg/1 to 1.51 mg/1. Influent thiocyanate values were

r-
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o

o

o

o

430 mg/1 and 570 mg/1 with corresponding effluent values of 1 mg/I and
1,39 mg/1. Total cyanide values were 207 mg/1 influent with 0.86 mg/I
effluent, and 242 mg/1 influent with 2.96 mg/1 effluent.

Three cases (5, 11, 19) show pertinent data relative to three purgeable
aromatics: benzene, toluene, xylene (BTX). In all cases these
compounds were removed by greater than 99 percent. Influent
benzene ranged from 0.0765 mg/I to 5.35 mg/1 and was reduced to less
than 0,01 mg/1 to 0.008 mg/1 (effluent). Influent xylene (9.9 mg/1 to 11 .4
mg/1) was reduced to 0.057 mg/1 to 0.012 mg/1 (effluent). It was not
quantified as to what portion of the removal, if any, was due to air
stripping and what was due to biologically degradation.

Results of the PAH performance data were also good. In most cases,
PAH were removed by greater than 95 percent.

There was little data found on metals removal using the activated
sludge process. The activated sludge process is not a process through
which meta!*- are deliberately removed, however, some removal may
take place by which the metals are attached to the biological solids and
are settled with the sludge. For this reason, the metals concentration
in activated waste sludge may be of some concern.

Other indicator parameters including oil and grease, total organic
carbon (TOC), and dissolved solids are also reduced through the
activated sludge system. Appendix A shows the various influent and
effluent values along with the respective removal percentages.

o
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5'°
Groundwater

presented in Appendices 1 and 2 and n ""•"*

at arsenic at about 12 ̂  lead at abom fi

The groundwater settled relatively oil
on

tupon.i.1, !.,„. Tlbfc t,poly™, ,dd«™ („, oil*™, „!« 'a,, .
86 ̂c™, tot,« of ™ P '"'•

CO

oo
""«"« «•<*

Amerfloc 10 @ 300 ppmAmerfloc 5260 @ 4 ppm
and

Amerfloc 10 @ 300 ppmAmerfloc 5278 @ 4ppm
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concentrations. Due to the added cost of polymers, and only slightly better removal
rates, it was decided to use gravity settled groundwater supernatant in laboratory
testing.

Soil Samples

Site soil samples were collected from soil boring area A-04 identified as an old
creosote dumping area, between soil borings A04-SB01 and A04-SB02. The
accomplished objective was to obtain site soil which contained the site chemicals of
interest at elevated concentrations. The PAH concentration of the soil sampled was
as high as 8 grams of total PAH per kilogram of soil (0.8%). PAH concentrations
varied widely between soil samples analyzed, despite the good sampling, and
analytical techniques employed. This variation is due to the heterogeneous nature of
a soil matrix and to analyzing contaminated soils with sensitive analytical techniques
which measure concentrations in the parts per billion range.

As an attempt to obtain the best representation of average soil PAH concentrations,
six sets of measured untreated site soil PAH data were entered into a statistical
computer program. The average mean PAH concentration obtained from the
statistical analyses was about 3.7 grams of total PAH per kilogram of soil (0.37%).
Table 4-5 presents the statistical summary of the measured rite soil PAH
concentrations.

Chemical Oxidation Treatment

Chemical oxidation testing using ozone in conjunction with ultraviolet light was
performed on site groundwater samples. Initially an ozone/UV screening run was
performed using TQC, phenols (4-AAP), naphthalene, and pH as treatment
indicator parameters, to pick the optimum ozone dosage to apply. The results of the
screening run showed that a 10 minute ozone/UV exposure time (285 tag ozone/liter
groundwater) was optimal. Phenols (4-AAP) were reduced almost 99 percent from
influent concentrations and the ozone utilizajigii was 59,percent of the total ozone
applied to the groundwater sample.

.The first order reaction rates (K rates) were calculated, for the phenols (4-AAP) = -
0.0077 and naphthalene * -0.0046. These negative K ra:es show that reduction of

CO
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the measured parameters occurred during testing. Appendix 5 presents the
complete results of the ozone screening run and Appendix 6 presents the K rate
calculations.

A final ozone/UV sampling run was performed at the 10 minute exposure time
chosen from the screening run test (285 mg 03 per liter groundwater). The ozone
utilization efficiency was almost identical to that obtained in the screening run test at

.57 percent. The phenols (4-AAP) reduction obtained after 10 minutes of ozane/UV
treatment was also reproduced with about 98 percent obtained.

The site chemicals of interest were analyzed for in the ozone/UV treated effluent.
The pH measuied in the influent was 6.7 and 6.4 in the treated effluent. Little or no
effect was seen on the conventional pollutants (except phenol) and on the metals.
Total PAH concentration was reduced 52 percent in the ozone/UV treated effluent.
The effluent and ir.rluent groundwater were tcxic in the Microtox™* bioassay test
method, which uses luminescent marine bacteria as the test organisms.

Activated Carbon Treatment

oo

oo

i
ii

Keystone performed isotherm testing on the site groundwater using CaJgon
Corporations F-300 granular activated carbon, pulverized so that 95 wt % passed
through a 325 mesh screen.

The maximum adsorptive capacity for the F-300 carbon treating site groundwater
was estimated based upon isotherm test results and the concentrations of chemicals
present in the groundwater. Based upon the groundwater concentration of
naphthalene at 2.74 mg/1, the estimated carbon usage from the isotherm testing is
9,85 pounds per 1000 gallons of groundwater treated. The carbon usage based upon
the phenols (4-AAP) groundwater concentration of 7.45 mg/1, is 4.67 pounds of
carbon per 1000 gallons of groundwater treated. The estimated carbon usage rate
for the groundwater TOC concentration of 56 mg/1, is 2*08 pounds per 1000 gallons
of groundwater treated.

The Calgon Corporation's Pittsburgh Pennsylvania laboratory was contracted to
perform their accelerated carbon tejting (ACJ) program on a sample of site
-groundwater provided to them by Keystone. The Accelerated Column Test (ACT)

5-3
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report issued from the Calgon Corporation's Pittsburgh, Pennsylvania laboratory is
presented in Appendix 9a. The ACT used F-300 granular activated carbon and
simulatd a carbon column system. Since no projected flow rate of pumped site
groundwater, or any permit limits were available at the time of this treatability
testing. Keystone specified the following conditions to Calgon tor the ACT: a 15
minute err.pty bed contact time, the treatment indicator parameters and example
treatment objectives of; TOC = 30 ppm, phenols (4AAP) = 0.5 ppm, and
naphthalene = 0.5 ppm.

Table 4-3a summarizes the results of the activated carbon work performed by both
Keystone and Calgon. The predicted carbon usage estimates generally agree
between Calgon's ACT and Keystone's isotherm tests. The predicted carbon usages
were based upon testing of a gravity settled composite sarrnle of site groundwater
from Wells OW-10 and OW-11:

TOCPhenols (4AAP)Naphthalene
2.08 to 2.5
2.75 to 4.67 #/m0.85 to 1.0 #/m

where #/m is pounds of F-300 activated carbon used per 1000 gallons of site
groundwater treated.

Soil

Bench scale soil washing testing was performed by Keystone using the surface and
subsurface soil samples collected from the site. The soil washing involved
mechanical energy in the form of violent mixing to contact the soil with washing
solutions containing surfactants, to free the trapped oil and grease type contaminants
from the soil samples. A battery of soil washing, experiments were performed and
the results from the three most successful ones for both the surface and subsurface
soil samples are presented in Tables 4-5 and 4-d Over 96 percent removals for oil
and grease, and methylene chloride extractabies were obtained in these six soil
washing experiments.

Conditions of the most successful screening run soil washing tests were chosen to run
a final soil washing test on each of the soil samples - surface and subsurface* The
analyses were identical to the screening run parameters except that PAH analyses

co
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Results of the soil column effluent samplings are presented in Tables 4-11 {iî ĵ r ̂r ̂ phase PAH -« •«aegraded, with an increasmg degradation rate towards the end of the eitht
study, once the microbial population was acclimated and weU established

of Tof the soll conce

«*»• effl—— -tained less PAH concentratl^^
nutrients or H ^ W C U m n g - ^ c°"«f°l column received nonutnents or sludge seed and was fed only tap water, thus the PAHs present in the
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control column's effluent was due solely to the PAHs solubilizing off the column's soil
and into the effluent. The large majority of the PAH's present in the control
column's effluent were the lower ring, lower molecular weight PAH's as would be
expected due to their relatively higher solubility in water.

The anaerobic soil column's effluent contained 78 percent less PAHs initially and by
week #8, 92 percent less than the control's. The percentage of 2 and 3 ring PAHs in
the anaerobic columns effluent showed a decreasing effect each sampling during the
study, indicating that more efficient biodegradation of the soluble PAH's was
occurring as the biological population became acclimated and more established
within the soil column.

The aerobic soil column effluent data also shows that PAH biodegradation was
occurring in the soil column, but at a slightly lesser rate than that obtained in the
anaerobic column. The initial groundwater PAH concentration was reduced 56
percent in the aerobic soil column's effluent in the first sampling, and it increased to
a 78 percent reduction of influent PAH concentration by the last sampling in week
#8. The relative proportion of effluent PAHs which were more soluble (the 2 and 3
ring components) decreased from 62 percent initially to 16 percent by week #8,
indicating that this microbiological population also increased and became more
efficient at degrading the soluble PAH components after eight weeks of operation.

The soil phase of each column was sampled twice, initially upon loading and at the
end of the 8 week study. The results are presented in Appendix 12 as received from
Keystone's Monroeville laboratory, and in Tables 4-14 through 4-16, corrected to a
dry weight basis. The soil results varied widely due to the heterogeneous nature of
the soil matrix The wide variation of concentrations measured for the site chemicals
of interest made it too uncertain to attempt to draw any conclusions concerning the
soil column performance with regards to the sol phase.

Slurry Reactors

As part of the biological degradation work performed by Keystone on site soil and
groundwater samples, two biological slurry reactors were tested. These slurry
reactors, also called su$pendcd_growth biological reactors, each contained a slurry of

COa^r-oo
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site soil suspended in site groundwater by an electric stirrer. One reactor was
operated in the aerobic mode, the other anaerobically.

Each reactor contained 56 percent by weight of area A-04 subsurface soil and 44
percent by weight of site groundwater, to form a total slurry volume of 2500 mis.
Both reactors were supplied nutrients and an electron acceptor in the form of either
oxygen in 'he aerobic, or nitrate in the anaerobic reactor. Test kit measurements
indicated tnat a consistent usage of both nutrients and electron acceptors occurred,
and that the feired environmental conditions for biological growth were maintained,

The aerobic reactor experienced several unexpected violent foaming incidences
during the 4-week study. Commercial antifoam products were needed to subdue this
foaming. As a result of the reactor foaming an estimated 1/3 of the reactors
groundwater phase was lost and was replaced by tap water.

The soil and water phases were separated at the end of the four week study, and
each was submitted to Keystone's Monroeville laboratory for analyses of: pH,
percent solid, and PAH. The water phase results showed a decrease in PAH
concentration for both reactors. The aerobic reactor achieved a 66 percent decrease,
and the anaerobic an 88 percent decrease. Results from the soil phase were
inconclusive with the aerobic reactor showing a decrease and the anaerobic reactor
showing an increase in total soil PAH concentrations. The uncertainty involved in
the soil PAH analyses due to the wide range of concentrations measured made it
difficult to identify any trends for the sluny reactors performance with regards to the
soil phase.

The results from this slurry reactor work are presented in Appendix 13, as received
by Keystone's Monroeville laboratory, and in Table 4-17 corrected to a dry weight
basis and compared to the statistical mean soil PAH concentration generated by the
statistics program.

Activated Sludge Co-TrMtablittv Stodv

The concept of treating contaminated groundwater jointly with domestic sanitary
wastewaters at a publicly owned treatment works (POTW) was tested in a separate
project by Keystone in 1987 on a pilot plant scale. This study is used for comparison

COor-oo
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10 the South Calvalcade site due to the majority of the same chemicals of interest
being present in the groundwater tested in the pilot study.

Specifically the study entailed treating two groundwaters containing coal tar related
chemicals of interest. One was collected from a former manufactured gas plant site,
where formerly "town" gas was produced for lighting and heating from coal or oil.
The second groundwater was more highly contaminated with coal tar chemicals from
a former coke plant operations. The groundwater quality and the chemicals of
interest are presented in Tables 4-18 and 4-19, The POTW process simulated
employed activated sludge treatment and treated an average daily flow of 1 million
gallons per day. A control reactor was also operated as a baseline for comparison,
and it received only POTW influent wastewater feed.

Operating conditions for the three pilot plant reactors simulated the POTW as
closely as possible. The solids retention time (SRT) was maintained at about 13.5
days. The hydraulic retention time (HRT) wa. about 8 hours. The pilot plant
operated for 50 days, with steady state conditions assumed during the last 10 days of
operation. At this assumed steady state time the initial activated sludge seed taken
from the POTW was 87 percent "washed out" from the pilot plant reactors. Thus the
sludges in each of the three reactors were representative of the long term sludge
which would be obtained from treating each of the respective influent wastewaters
tested.

CO
00ar-oo

The results of the clarified effluent quality obtained from these three pilot reactors
are listed in Table 4-20. Table 4-21 presents the PAH mass balance for the pilot
reactors sludges, and Table 4-22 presents analyses for the chemicals of interest in the
three sludges.

A summary of the results presented in these tables is presented here and in the
report. All three reactors produced the same quality effluent with regards to
conventional, inorganic, volatile aromatics, and metals chemical parameters. In
terms of phenolics and total PAH, the coke plant site reactor showed slightly higher
effluent concentrations. These higher effluent results for the coke plant reactor
effluent were below Best Available Technology (BAT) treated discharge standards
recently set for the organic chemicals industry (52 Federal Regster 42522, November
1987). "•"-"""•:r:l~"::~~~"™"""""" • " • " " " : - - - - ~ " - - - - • - • - : :

$ .8
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Based upon steady-state air monitoring results, the coke p'ant reactor was the only
one of the three reactors which had measurable aeration tank volatilization of
benzene, toluene, acenaphthalene and naphthalene.

A mass balance calculation on the wasted sludge from the reactors, presented in
Table 4-21, indicates that the coke plant reactor's sludge contained greater amounts
of volatile aromatics, total phenclics, and total PAH components than the control or
MGPreaciors. , _ . , . - . . , . . » _ . - . - - — - • - • -

The metals concentration of the wasted activated sludge for all three units was
aoproximately the same. The results of the analyses performed on the wasted
smdges are presented in Table 4-22.

In summary, the results of this study support that the addition of MGP type
groundwaters into municipal wastewater treatment plants should result in non-
measurable effects in terms of activated sludge treatment performance, and
nonsignificant effects in terms of treated discharge water quality. The South
Calvalcade groundwater is less concentrated in the chemicals of interest than was the
coke plant wastewater which was successfully treated at a 20 percent by volume
flowrate in the pilot experiment.

Keystone - Date Base

Appendix A presents 19 cases of successful application of the activated sludge
treatment process from Keystone's file,*. Generally the case studies presented
treated similar chemicals of interest as are present at the South Calvalcade site, but
they were usually treating process wastewaters which contained much higher
concentrations of these chemicals of interest than are present in South Calvalcade
groundwater.

Examples given include activated sludge treatment of coke plant, tar plant, and
creosote wood preservation plant wastewaters. These wastewaters contained such
chemicals of interest as: phenolics, PAH, benzene, toluene, xylene, oil and grease,
ammonia, and some metals. Oj3eratî gj«3nditignA_QLthe treatment processes^ are.

COor-oo
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SPECTRIX MQNRQEVILLE

ABLE OF CONTENTS PRODUCED ON 12/ 10/87 AT 13 :

SAMPLE *
87110468
871 10469
87110470

SOURCE
QW- 10 * 1 1
FB

OESCRIPT
QA/OC SAMPLES
QA/QC SAMPLES
(JA/QC SAMPLES

DATE-COL DATE-REC ORD
U/19/87 M87U074U/ 19/87 M871 1074

.Vl/li/97 11 / 19/87 M871 1074

r-ooii
i
iii
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SPECTRIX MQNROEVILLE

1 A3LE 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 12/10/87 AT 13 28 PAGE

iii

i
iil

SAMPLE # RSLT. LNE
BIOCHEMICAL OXYGEN DEMAND (5 DAY
87110468 BOD. mg/L. . . .
87110469 BOD. mg/L. . . . . . . . . .
87110470 30D. mg/L. . . . . . . . . . .
CHEMICAL OXYGEN DEMANC (TOTAL)
87110466 COD (Tota l ). ""mg/L. . .
87110469 COD (To ta l ) . m g / L . . .
87110470 COD (To t a l ) . m g / L . . .
OIL & GREASE. TOTAL RECOVERABLE.
87110468 Oi l & Great * . m g / L . .
87110469 Oil Sc Grease . mg/L. .
87110470 Oil & Crease. m g/L . .
TOTAL RECOVERABLE PHENOL ICS (AS (
87110468 Pheno l , mg/L. . . . . . . .
8711O469 Pheno l . mg/L. . . . . . . .
8711047O Pheno l . mg/L. . . . . . . .
TOTAL KJELDAHL NITORGEN
87110468 TKN a * N . mg/L. . . . . .
87110469 TKN a * N . mg/L. . . . . .
87110470 TKN a* N. mg/L.

1TAL ORGANIC CARBON
w/110468 TOC, mg/L. . . . . .
87110469 TOC. mg/L. . . . . . . . . . .
87110470 TOC. mg/L. . . . . . . . . . .
TOTAL PHOSPHATE
87110468 Total P04. mg/L. . . . .
87110469 Total P04. mg/L. . . .
87110470 Total PQ4. mg/L. . . . .
pH
87110468 pH . units. . . . . . . . . . .
37110469 pH , units. . . . . . . . . . .
87110470 pH . units. . . . . . . . . .

TOTAL )
325
<1. 00
<1. 00
530

50. 0
< 10. 0

GRAVIMETRIC
1 13
<6. 00
<5. 00

'HENOL )
3. 31

<0. 005
<0. 005
3. 59
<1. 00
<1. 00
63. 4
< 1 .00
<1. 00
<0. 100
<0. 100
<0. 100
7 . 2
8. 5
7 .8

SOURCE

FB
TB
QW-IOMI
PR -. . .- - - „, *.„,,.„,.,.,,..,„
TB
OW-10&11
FB
TB ^
QW-lOSti l C

FB CT
TB 1-

Oaw- to* u 0FB
TB
aw-io*ii
FB
TB

F8
TB
ou-ioitit
FB
TB

I

I
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SPECTRIX

1 J!tL« SUMMARY * "T*" °*T*** *•••————• ̂ • • • • • • • • i __ ___

MONROEVILLE'*•«•»••*»*•.»».,
PRODUCED ON 12/10/87 AT 13
mmmmmmmmmmm^mmmmmmmmmmmmmm• • SAMPLE • RSLT. LNE

I ANTIMONY
1 87110468 Antimony, ug/L. - .
1 I 87110469 Antimony. ug/L. . -
I • 87110470 Antimony. u g / L . . .1 ARSENIC

1871 10468 ArteniCi ug/L. . . .
87110469 Ar*«nic/ u g / L . . . . .

• 87110470 Ar*«mc, ug/L. . . . .
1* BERYLLIUM

871 10468 Btr y 11 i urn, ug/L
• 87110469 Btrylliuffi. ug/L. . .
1 .. 87110470 Beryllium, u g/L . . .E • CADMIUM
1 • 87110468 Cadmium, ug/L. . . . .
| 87110469 Cadmium, og/L. . . . .
1 87110470 Cadmium, 'Jj/L. . . . .CHROMIUM

1 87110468 Chromium, u g/L . . . .
• 37110469 Chromium, ug/L. . . -
• 87110470 Chromium, u g / L . . . .• 'PPER

1 -7110466 Copper* ug/L. . . . . . .
1 87110469 Copper, ug/L. . . . . . .

87110470 Copper, ug/L. . . . . . .LEAD
1871 10468 Lead. ug/L. . . . . . . . .

87110469 Lead, ug/L. . . . . . . . .
87110470 Lead, ug/L. . . . . . . . .

H MERCURY
• 87110468 Mercury, ug/L. . . . . .m 87UO469 Mercury, u g / L . . . . . ._ 87110470 Mercury* u g /L . . . . . .• NICKEL
• 87110468 Nickel, ug/L. . . . . . . .

87110469 Nickel, ug/L. . . . . . . .
1 87110470 Nickel* ug/L. . . . . . . .SELENIUM

87110468 Seleniuo* u g/L . . . . . .
1 87110469 SeleniuA* u g/L . . . . . .87110470 SeUniufl, u g /L . . . . . .SILVER

87110466 Silver, u g / L . . . . . . . .• 87110469 Silver, ug/L. . . . . . . .
• 87110470 Silver. ug/L. . . . . . . .THAioLIUM
1 "110468 Thalliuii* u g / L . . . . . .

110469 Thalliue), ug/L. . . . . .
87110470 Thallium, ug/L. . . . . .
•

<60. 0
<60. 0
<40. 0
1 1 .7

<10. 0
<10. 0
<9. 00
<9. 00
<9. OO
<9. 009 m
<9. 00
<10. 0
<10. 0
<10. 0
<29. 0
<29. 0
<29. 0

. 20
<9. 00«rtrt
<0. 200
<0.200
<0. 200
<40. 0
<40. 0
<40. 0
<9. 00
O. 00
O. 00
<10. 0
<10. 0<io. o
<10. 0
<10. 0
00. 0

SOURCE

OW-lOlillFB
TB
OU-10*11FB
TB
OW-lOiaiFB
TB
OW-lQ«fli
FB
TB
OW-lOftl!FB
TB
ou-iotuFB
TB
QW-lOliUFB
TB
CJU-10*UFB
TB
OW-lOfell
FB
TB
OW-lOttlFB
TB
OU-lClillFt
T§

-:.M-1Q%U_FB
TB

PAOP

0
O
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I 2INC
871104A8
87110469
87110470

SOURCE
Zinc , ug/U
Zinc , ug/L .
Zinc . uJ/L. .I

I
I
I
I
I
I

PB
TB

oo
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SPECTRU MONROEVILUE
Page-

TA8UE 3: SUWttftY QF PAH DATA

Sample: 37110468
Date
Date Co l l e c t e d

Rec e i v e d : 1 1 / 18/87
1 1 / 19/Q7

Sourca: QW-lOtil l
Descnp t i on : QA/QC SAMPLES

"P. Hfthgd
Data Extrac ted :
Data Ana lyz ed : 1 1/20/87

12/O4/87 gel clean-up__
1 clean-up __alumina cltan-up _jsulfur clean-up __

ges
.no
.no
no

Pol«nuclear Aromatic Hydrocarbons

I
iI

lene. . . . . . . .Anthracene . . . . . . . . . . ' '
Benzo <a )anthrac«n * . . . .9tnzo (a )py r en« . . . . . . . .
Benzo < b > nuoran th » n e . .B«nzo <g . h, Dperylene, .
B»nzo < l ( ) f l uoranfeh tne . .Chryaene . . . . . . . . . . . . . .
Diben z (ah ) anthracene.Fluoranthtne. . . . . . .Fluorena. . . . . . . . . . . . . .
Indeno<l23-cd)pyr«n«. .Phenanthrane. . . . '

1370
993
339
318
24O17Q
930
2434g40
36QO94 3
9700

NaphthaUnt,IIiI
Th« abova rtfluitt are raporttd in og/U
AH PAH
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SPECTRIX MONRQEV1LLEii
Paj j t- 2

TABLE 3: SUMMARY OF PAH DATA
ammmmmmmmmmmmmmmmmmmmmmttmmmmt

S-ampl* : 67110469

iii

Datt CoUt c t f d
Datt Rtc t i v t d :

Datt Extract td
Date Ana lyz ed :

1 1 / 1 8/87
1 1 / 19/87

11/20/37
12/04/87

iiiiiii

Sourct : FB
Dtfc r i p t i on : QA/QC SAMPLES

Cli*n up Mtthod
si l ica gtl cltan-ua./. tflori* i l cltan-up __\
alumina cltan-up M _ icltan-up \

.no

.no
*nono

Polynucl«*r Aromatic Hydrocarbons
Actnaphtntnt . . . . . . . . .
Ac t n a p h t h g l t n t . . . . . . .
A n t h r a c t n t . . . . . . . . . . .
Btnzo <a )an thrac tn t . . .
B t n z o ( a ) p y r t n t . . . . . . .
Qtnzo < b ) ^ l uo ran t h t n t .
Bt n z o ( g < h i i >ptryI tnt .
Btnzo ( k ) f l uo ran th t n t .
Chrystnt . . . . . . . . . . . . .
Oibtnz < ah )an th rac tn t .
F l u o r a n t h t n * . . . . . . . . .
F l u o r t n t . . . . . . . . . . . . .
Indtno(123-cd)pyr *nt .Phtnanthrtna. . . . . . . . .
Pyrtnt. . . . . . . . . . . . . . . .

<2. 00
<2. 00
<0. 500
<0. 020
<0. 020
<0. 030
<0. 030
<0. 020
<0. 130
<0. 030
<0. 200
<0. 200
<0. 090
<0. 300
<0. 200

00

r*-oo

0%n»r Polynucltar Aromatic Compound* ta«ttdC a r b a s o i t . . . . . . . . . . . . . : <2. OO
N a p h t h a i t n t . . . . . . . . . . . <2. 00

Ii
Th« abovt rttultt are rtporttd in ug/L .
All PAH idtntificationt ara *ro« r«t*ntion data only
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SPECTRIX
- 3

TABLE 3: SUMMARY OF PAH DATA

87110470
Oat« Co l l f f c t * d

R»c t i v td

Dat* Extrac t td
Oatt Ana l y z e d :

i i/ ia/ar
1 1 / 19/87

1 1/20/87
12/04/87

Source : TB
0««cription QA/QC SAMPLES

Clean up Method
si l ica gal clean-up
floris i l clean-upalumina clean-upsulfur clean-up _yt»iiiiiiiiii

.no

.no

.no

."Q

Polynuc l ear Aromatic Hydrocarbon*

Acanaphthy lenc. . . . . . . .
Anthracene . . . . . . . . . . . .
B e n z o ( a ) anthracene . . . .
Benzo <a )pyr«ne . . . . . . . .
B«nzo(b> l luorantnent . .
B e n z o < g * h, i )pery lena . .
B e n z o < k ) f luoranthtna. .Chrysena . . . . . . . . . . . . . .
D ibenz (ah ianthracena. .
Fluorene. . . . . . . . . . . . . .
Indeno ( 123~cd / py v en a. •
Pyrena. . . . . . . . . . . . . . . .

<2. 00
<0. 300
<0. 020
<0. 020
<0. 020
<0. 030
<0. 020
<0. 130
<0. 030
<0. 200
<0. 20O
<0. 030
<0. 300
<0. 200

oo

Otttftr Polynucl«*r Aromatic Co«poond« tttttdC a r f e a z o l e . . . . . . . . . . . . . : <2. 00
. . . . . . . . . : <2 . 00

Th« abovt rtnult* ar« r«port«d in ug/L .
All PAH id«nti^ieation» art from r«t«ntlon dataii
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APPENDIX 2
MONROEVILLE COMPOSITE SAMPLE OFWELL OW-10 AND OW-11SAMPLED ON DECEMBER 10, 1987
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II SPECTRIX MQNRQEVIU.E

TABLE OF CONTENTS
• mmmmmmmmmmnmmmmmmmmt

SAMPLE » SOURCEIIIIIII

87120472 MSTC RAW

PRODUCED ON 12/31/87 AT 12 :29 PACE
tmmmm mmmmmmmm *******mmmmmmmmmmmmmmmmmmmmmm

ffffRJPT_________ DATE-COL DATE-REC QRO tt
TREATABILITY STUDY lSS/10/f7 U/ig/§7 WU071

V™
O
O
CO
O
O

IIIIIII
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SPECTRIX MONROEVILLE
mm*m*mmMmm^mmmmmmm

TABLE I: SUMMARY OP ANALYTICAL DATA PRODUCED ON 12/31/87 AT 12:30 PA<3£

SAMPLE * RSLT. LNE SOURCE
BIOCHEMICAL OXYGEN DEMAND O DAY
87120472 BODi mg/L. . . . . . . . . . . .
CHEMICAL OXYGEN DEMAND (TOTAL)
87120472 COD (Tota l )/ m g / L . . . .
OIL * GREASE/ TOTAL RECOVERABLE/37120472 Oil * Grt«««< m g/L . . .
PENTACHLOnOPHENOL
87120472 PCP* ug/L. . . . . . . . . . . .
TOTAL KJELDAHL NITROGEN
07120472 TKN 41 N, mg/L. . . . . . .
TOTAL ORGANIC CARBON
87120472 TOC* mg/L. . . . . . . . . . . .
TOTAL PHOSPHATE
87120472 Total P04, m g / L . . . . . .
PH
87120472 pH i unit*. . . . . . . . . . .
METHYLENE CHLORIDE EXTRACTABLES87120472 Mtfthgltn* Chloride m
TOTAL RECOVERABLE PHENOL I C9 (A8
S712047S Ph.nol, mo/L. . . . . . . . .

• TOTAL)

' 768
GRAVIMETRIC

• 144

... : 1 . 80

. . . : 3. 10
"IQ 9

. . . : 0. 176

. . . : 7. 4
ig/L : 293
PHENOL)
. . . : 7. 32

MQTf* DALJ

MSTC RAU*

MSTC RAW
MSTC RAW
MSTC RAW
MfiYr BALJ

(**fiTl" OALJrra i VP n«w
MSTC RAW
ttfire RAU

Th* Pentachiorophtnol irfanti^ie«tion ie from f*ttntion d«ta only.

CM
Q
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00
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I
I TABLE 2: gWMARY ——«....„.

IIll
1
1
ll
1111
11

1 ANTIMONY ——— " ————————————————— _SSXa r^L.«.^..,,,,.<*o.o
£!£& *"""" » • ' « . . . . . . . . : t , .4S7120472 Btrul l i , ,™CADMIUM " • r » l l *W». u j / L . . . . . : <9 . 00

££»£ C'-B1- " I ' l . . . . . . . . : <:,00

SK" Ch————— - / U . . . . . . : < i0 .0
«K«»*« C.pp.r, U9/L . . . . . . . . . < a , Q
87120472 L,Jd)MEHCUHY U9/L" . . . . . . : «. 00
87J30472 M.reuru , . -/,NICKEL n»pe«"'«' Ufl/L. . . . . . . . <0 . 200
87180472 Niek . lSELENIUM lel"1' u « ^ . . . . . . . . . <4<> Q

IS7* iBl-»«- « • / ! . . . . . . . < 80087120472 Silvtr, uayiTUAI i vi ltd * - * * vw r * ug/L. . . j> t M *THALLIUM » • — • • • • . . . ; <io. o
fJS0478 T""li- - / L . . . . . . : <„.«
8712047Z 2ine, ug/L" • • • • • • • • • : <20. 0

.

SOURCE•"" — -« — —.*««.„

M^TC RAW
. . . . . . «Hfi.-8AW __.

M8TC RAW
MSTC RAW

r<^MSTC RAW o
«8TC RAW °CO
W8TC RAW 0

O
««TC RAW
M8TC RAW "
M8TC RAW
NSTC RAW
M8TC RAW
MSTC RAW

;

-si
»

- . ^z^ î̂ s
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TABLE 3: SUMMARY OF PAH DATA
m sem m ma a * Hat a*m wt mmmmm**

Samp It: S7120472
Dat« Col l *ct«d: 12/10/87
Datf Rtet ivad: 12/10/87

Oatt Ext rac t ed
Datt Ana lgxfd :

12/14/97
12/23/87

MSTC RAW
Of*cr ip t ion : TREATA81UTY STUDY

up Method

floricil cla»n-up«lumin« clt*n-upsulfur cl««n-up

no

O
00
Oo

Polgnucl»«r Aromatic Hydrocarbon*
Ac»n«phthtn«.

b )f loor*nth«nt.
0* h« i)p«rglfn«B«nio<h)f luoranthfna.

Dibtni <«h)«nthractn«.Fluor«ntFluor«n«

Pyren*.

3200
<200

322
461
269
167
740
248
4X40
2470119
6690
4610

Othoi* PolgnucUar Arowttie Compound* t«*t»d
. . . . . . . . . . . . : 390

I
I
I

Tfta *bov*
All PAH ;

in
art rtt«ntion only.
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APPENDIX 3
PHYSICAL SEPARATION TEST RESULTS

COMPOSITE SAMPLE OF WELLS OW-10 AND OW-11
SAMPLED AT MONROEVILLE ON DECEMBER 11, 1987 LA
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I TABLE OF CONTENTS

SAMPLE *

SPEC TR IX MONROEVILLE
»*a»»***»a«i*ai»»*»w«i*»imw*«»»«

PRODUCED ON 12/31/87 AT 12:»««» a w*a««*«aEiB

DESCRIPT
22 PAGE
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III SPECTRIX MONROEVILLE

IIIIIIIII

TABLE I: SUMMARY OF ANALYTICAL DATA

SAMPLE tt RSLT. LNE

PRODUCED ON 12/31/87 AT 12 :22 PAGE
*ai**"***""»*«»»«i*"*auB»M*»ai»a» 9*2.393

METHYLENE CHLORIDE EXTRACTABLES
87120991 Methylene Chlor ide . mg/L : 79 .0
OIL «« CREASE, TOTAL RECOVERABLE, GRAVIMETRIC
87120991 Oil * Qre««e» mg/L. . . . . . : 19. 9
TOTAL RECOVERABLE PHENOLICS (AS PHENOL)
87120951 Pheno l . mg/L. . . . . . . . . . . . : 7 . 72
TOTAL ORGANIC CARBON
87120991 TOC, mg/L. . . . . . . . . . . . . . . : 60. 9

SOURCE

PHYSICAL SEP

SEf-

C
O
COo

III
II

008007



IIIIIIIIIII

SPECTRix MQNWQEVILLE
Page-

SUMMARY PAH DATA

Sample ; 87120351
D*te
Date Col l e c t e d :

Rece ived : 12/1 1/87
12/14/87

Source : PHYSICAL SEP
D-.CPipt i on : TREATABILITY STUDY

Date Eitracted:
Date Ana lyzed : 12/15/87

12/25/87

-Clean up Method
s i l ica gal cl««n-up
flori» i l clean-up
alumina clean-up•ulfur clean-up

Aromatic Hgdrocarb

O
CO
O
Oon,

II
III

Acenaphthene . . . . . . . . . . 4 14
Acenaphthylene. . . . . . . . 267A n t h r a c e n e . . . . . . . . . . . . 23. 9
Benzo(a)anthracene . . . . 10. 4Ben;o<a)pyrene . . . . . . . . 3. 04
Benzo<b)f luoranthene . - 4. 41Ben zo ( g * h* i )pery lane. . 2. 43
Senxo <fe ) f luoranthene . - 1. 97
Chrytene. . . . . . . . . . . . . . 8. 20
Dibenz(ah)anthracene . . 1. 71Pluoranthene. . . . . . . . . . 97. 9Floor ene. . . . . . . . . . . . . . 198
Indeno(123-cd)pyrene. . 0. 934Phunanthrene. . . . . . . . . . 268P y r e n e . . . . . . . . . . . . . . . 69. 9

Other Polynuclear Aromatic Compounds testedCarbajoU. . . . . . . . . . . . . : 94.7Naphthalene. . . . . . . . . . . : 7790

The above results are^ repprtajT ini wg/L . :
All PAH identifications are froe) retention data only.
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TABLE OF CONTENTS
~a=s"3 »=•»*==aa a assaa

I
I
I
I
1

87120913
87120916
rt^ t ****** j. —

I
I
I
I
I
I
I
I
I

m * * SPECTRIX MONROEVILLE
**m s* si ««a Mat 3 * «

PRODUCED ON 01/06/36 AT 1 4 : 1 2 PAGE
asm»mMmaa9ismmMSB99sm9M»at»mstmmataa =sss:

DATE-COL DATE-REG ORD #
12/29/87 12/29/87
12/29/87 12/29/87

42/29/87 12/29/87

o
O
COoo

II
008010



I TABLE 1: SUMMARY

SAMPLE tt RSLT

IIIIII

;

5

i
iii

136
1 3 . 6
23. 1
37 .2
39. 6
38 .8
136
34. 0
48 .0

a

SOURCE

S. C. JAR TEST
S - C . JAR TEST
S- C. JAR T£ST 2
S. C. JAR TEST
S. C. JAR TEST 1
S. C. JAR TEST 2
S. C. JAR TEST R
S. C. JAR TEST 1
S. C. JAR TEST 2

O
00
O
O

II
008011



IIII
APPENDIX 5

SCREENING RUN RESULTS

iii

CM
T~o
COoo

ii
i
ii

008012



III • a*a«i*g

TABLE OF
an at a: xi« a, v,

CONTENTS
«««.«.,

PRODUCED ON 02/22/88 AT
• 10 :

* SOURCE
PAGE

I
I

88020146
88020147
88020148
88020149
88020190
33020191
38020192
88020193
88020194

03/UV SR 0 MIN
03/UV SR 1 MIN
03/UV SR 3 MIN
03/UV SR 9 MIN
03/UV SR 7 MIN
03/UV SR 10 MIN
03/UV SR 19 MIN
03/UV SR 20 MIN
03/UV SR 30 MIN

DESCRIPT
TREATABILITYTREATABILITYTREATABILITYTREATABILITYTREATABILITYTREATABILITYTREATABILITYTREATABILITYTREATABILITY

DATE-COL DATE-REC ORD
STUDY
STUD/
STUDY
STUDY
STUDY
STUDY
STUDY
STUDY
STUDY

02/04/88
02/04/88
02/04/88
02/04/88
02/04/68
02/04/88
02/04/88
02/04/88
02/04/88

08/04/8802/04/ai
02/04/ei
08/04/88
02/04/Ie
02/04/8802/04/ii
08/04/8802/04/11

OD
Oo

IIIII
IIII
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KEYSTONE ENVIRONMENTAL

• TABLE 1
aiDstaaaniMj

| SAMPLE ft

m NAPHTHALE
• 88020146
• 88020147

88020148
1 8 8 0 2 0 1 4 9

88020 ISO
88020151

1 8 8 0 2 0 1 5 2
88020153
88020154

_ TOTAL REC
• 88020146
• 88C20147

88020148
188020149

88020150
88020151

188020152
38020153
88020154

_ TOTAL ORC(fl
• 38020146
* 88020147

88020148
138020149

38020190
88020151

138020152
38020153
88020154

I P H
38020146
38020147

_, 88020148
• 38020149
• 38020150

83O20151
138020152

38020153
88020154

rhe Naphth jii

__.,_ — >-•»*•«« M«Mnnj«aat;iBi

SUMMARY OP ANALYTICAL DATA*******mmm*Mmmmmmmmmmmummmmumm9

RSLT. LNE
:NE

Naphtha l tn t , ug/L. . .
Naphtha l tn t , ug/L. -
N«phth«Unt< ug/L. . .
Naphth«l«n* . ug/L. . .
Naphtha l tn t , ug/L.
Naphth^ i tnt , ug/L. .
NaphthaUnt , ug/L. . .
Naphtha l tnt i ug/L.
Naphth«ltn«, ug/L

OVER ABLE PHENOL I CS (ASPhtno l * mg/L.
Pheno l , mg/L. .
Ph«nol * mg/L. .
Pheno l , mg/L. .
Phtno l i mg/L. .
Pheno l , mg/L. . .
Pheno l , mg/L. .
Pheno l , mg/L. . .Pheno l , mg/L. . .

kNIC CARBON
TOC. mg/L. . .
TOC, mg/L. . .
TOC, mg/L. . .
TOC. mg/L. . .
TOC. mg/L. . . .
TOC, mg/L. . .
TOC, mg/L. . .
TOC , m g/L . . . . .
TOC, mg/L. .
p H . units . . . . . .
pH . units. . . . .
pH i units . . . . . . .pH . units. . . . . .
pH i units. . . . . .
PH * units. . . . . . . . .
pH * units. . . . . . .PH, units. . . . . . . .pH . units. . . . . . . . .

i l »nt ident if icat ion* 4

65. 1
199
439
237
251
225
83. 3
2 1 . 0
<3. 00

PHENOL)
4. 95
4. 34
2. 99
1 . 6 9
0. 746
0.053
0.032
0. O30
0. 017
53. 9
94. 8
54. 3
56. 0
53. 1
53. 5
51. 0
49. 5
44. 5
7 . 3
7. 3
7 . 6
7 .6
7. 9
7. 5
7. 9
7 .6
7. 7

re from

INC

PRODUCED ON 02/22/88 AT 10:07

SOURCE

03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV

SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR
SR

0
1
3
5
7
10
15
20
30

MXN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN

0
1
3
5
7
10
15
20
30

MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN

O
CO
O
O

SR
SR
SR

0
1
3
5
7
10
19
20
30

MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN
MIN

03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV
03/UV

SR
SR
SR
SR
SR
SR
SR
SR

0
1
3
9
7
10
15
20
30

MIN
MIN
hIN
MIN
MIN
MIN
MIN
MIN
MIN

r*t«ntion d«t« only.

i
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UEAST SQUARES REGRESSION FQR;
QF DATA PQlNTS i 9

PHENOL 4AAP

SLOPE:
* INTERCEPT:
STANDARD DEVIAT ION :
CORRELATION COEFFICIENT:
COEFFICIENT OF DETERMINATION
COEFFICIENT QF DETERMINATION WITH b « 0

SLOPE =
Y- INTERCEPT =
SLOPE WITH b :

- . 0077
1 . 1 5 2 9
1 .0603

.8265
.4822

- , 0 0 7 7 -* •/-
1 . 1529 +/-

--,0055 + /-

- .909 1

,0032 AT 95 PERCENT CONFIDENCE
- - -49 AT 95 PERCENT CONFIDENCE
.0025 STD = l^Q-4

INPUT DATA
X VALUE

24

as,
168,

* oooo

. 7000

. 4000

. OOOO

173.0000

'"•ft"!MOW .

SOS.

494,

854,

0000

0000

0000

0000

Y VALUE
1 , 5990

1 . 4680

1 . 0950

. 5000

-. 2930

-2 .9:70
-3 .4420

-3.5060

-4.0730

COMPUTED Y VALUE

1 . 1529 +/-
.0000 +/-
.9625 • * •/-

-. 1369 +/-

.4943 +/-
-.4733 +/-
- . 1427 +/-
- .931 1 +/*

-. 1813 +/-
-.9588 +/-

-1 .0450 */-
- 1 .5795 +/-
* 2 .74 17 -*•/-
-2.7988 +/-
-2.6569 •* •/-
-2 .7379 • * •/-
-S-4.^^'? */-

WITH 95V, CONFIDENCE INTERVAL

-4,7330

1 . 2349 Normal
.0000 b » 0

t . 1 787 Normal
.0623 b - O

1 .0524 Normal
. 2 170 b - 0
«9177 Normal
.4269 b « 0
. 9 1 1 3 Normal
. 4396 b *• 0
.8363 Normal
.7242 b a 0

1 .08 19 Normal
1 .2832 b = 0
1 .0602 Normal
1 .2553 b * 0
1 . 9746 Normal
2 . 1 700 b * 0

O
CO
O
O

008016



111111

NUM&EP OF
SLOPE:
V INTERCE
STANDARD
CQRRELATI
COEFFICIE
COEFFICIE

SLOPEY - INTERCEPT =
SLOPE WITH b = o

X VALUE V VALUE

• ° °00 4 . 1 7 6 0

s
-. 0046 • * •/-
5 . 82 15 + /-

- •O046
5 - 8 2 1 5

.9847

. 6609
0 4 .4865

- - 81 2

.0029 AT 95
. 146-' AT 95

,0064

IIiIi

24 .70OO

85 ,4OOO

168.OOOO

173.0000

285*0000

505.00OO

494.0000

854.000O

5.0690

6. 1290

5.6S90

5.5250

5 . 4 1 6 0

4.4220

3-0440

1 .09QO

.0084 STD =
1 N P U T .DAm. . . . . . . . .
COMPUTED Y VALUE WITH

PERCENT CONFIDENCE
PERCENT CONFIDENCE

4 .2S 16

957. INTERVAL
w.o^io +,'-

.0000 •* •/-
5.7084 +/-

. 1 575 +/-
5.4305 +/-

.5446 +/-
5.0522 +/-
1 . 0 7 1 4 +/-
5.0293 +/-
1. 1033 */-
4 .5 165 +/-
1 * 6 176 */-
3.5091 +/-
3.2206 +/-
3.5395 +/-
3. 1505 */-
1 -9 1 10 */-
5.4464 +/_

1 . 1463 Nor-mal
.0000 b m o

1 -0942 Normal
.2079 b - 0
-9769 Normal
-7 189 b - 0
•85 19 Normal

1 . 4 142 b - 0
.8460 Normal

1 .4563 b - 0
.7763 Normal

2.3991 & * o
1 -0043 Normal
4.251 1 b » o

-9842 Normal
4. 1585 b - 0
1 .8330 Normal
7. 1890 b » 0

r-
o
00oo

II
008017
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<>3/UV FINAL SAMPLING RUN RESULTS 00
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( KEYSTONE ENVIRONMENTAL RESOURCES. INC-
•**»*3«*»««»>i*»»»»«aat»»ai»»*»«aa»a mmmmyfm*immm»amma»3t

TABLE OF CONTENTS PRODUCED ON 03/29/88 AT XI: 01 PAGEIIIIII

SAMPLE # SOURCE DESCRIPT DATE-COL DATE-REC QRO tt
98030072
88030073

03 EFFLUENT
INFLUENT 2

TREATABILITY STUDY
TREATABXLITY STUDY

03/03/88 03/03/88 M8803015
03/03/88 03/03/88 M8803O13

IIIIIII

O
00
O
O

1II
008019



I
I :̂ f.;..s:-::.::.:-ir:̂ .I

INC

DATA PRODUCED
SAMPLE * RSLT. OEMAND

DAY,
§88030073 000, mg/L"" " " ' " ' '•CHEMICAL OXYGEN DEMAND"<TOTAL")"• So- 3 -;;;; . L1.! siE1;'-'"»°t ;-•SH&S*?r

mg/L.
mg/L.

TOTAL)
390
480

• 88030073 TKN as N,
TOTAL ORGANIC CARBON
8QO30072 TQC,
88030073 TOC,
TOTAL PHOSPHATE

§80030072
88030073

HPH
•38030072
"88030073

mg/L.
mg/L.

Total
Total P04,

P04, mg/L.
mg/L.

pa
pH, units ,

un i t s .

iii

: 302
: 235
GRAVIMETRIC

: 1 3 . 2
: 14. 9
PHENOL)
: 0. 024
: 1. 48
: 7 .64
: 7 .99

57 .6
4 1 , 2
8. 20
9 . 4 3

6. 4
6. 7

ON 03/29/88 AT 11 03 PAGE
tmmmmmasem»^m»a*3tM^azi» sssss;

SOURCE

03 EFFLUENT
iNfLUENT 2
03 EFFLUENT
INFLUENT 2
03 EFFLUENT
INFLUENT 2
03 EFFLUENT
INFLUENT 2
03 EFFLUENT
INFLUENT 2
03 EFFLUENT
INFLUENT 2
03 EFFLUENT
INFLUENT 2 '
03 EFFLUENT
INFLUENT 2

O
<M
O
CO
O
O

i
i

008020



III
TABLE 2

SAMPLE «

KEYSTONE ENVIRONMENTAL
***a*mmmm*m*mM*mmma»3tmxMms*m3t

SUMMARY OF METALS DATA
\m9sm*mmmmmxst9mMmm***mmm*t*maivxm

RSLT. LNE

INC

ANTIMONY
88O30072

• 38030073• ARSENIC
88030072
I8S030073

BERYLLIUM
88O30072

I88O30073
CHROMIUM
88030072
88030073

• COPPER
•88O30Q72

88030073
I '.EAD

88O30072
88030073

I1ERCURY
38O30072
88030O73
SICKEL

•38030072
•38030073

SELENIUM
138030072

38030073
SILVER

138030072
98030073
THALLIUM
38030072

•38030073
•2 INC

9803O072
•38030073

Ant imony/ ug/L.
Ant imony , ug/L. <&0. 0

<60. 0

iIiii

Arsen i c , ug/L. . . . . . . : 15. 8
Arssn id ug/L. . . . . . . ; 13 . 3
B«ry 1 Hum* ug/L. . . . . : <3. 00
Bery l l i um* u g / L . . . . . : <3, 00
Chromium* ug/L. . . . . . : 10 . I
Chrom ium * ug/L. . . . . . : < 10, 0
Copper * ug/L. . . . . . . . : <23- 0
Copper , ug/L. . . . . . . ; <23. 0
Lead, ug/L. . . . . . . . . . : <3. 00
Lfj< * . ug/L. . . . . . . . . . : <3. 00
Mercury . ug/L. . . . . . . : 1 . 07
Mercury* ug/L. . . . . . . : <0. 200
N i c k e l , ug/L. . . . . . . . : <40. 0
N i c k e l * ug/L. . . . . . . . : <40. 0
Selenium. ug/L. . . . . . : <3. 00
Stl«niumi ug/L. . . . . . . <3. 00
Si lver , ug/L. . . . . . . . ; CIO- 0
Silvtr, ug/L. . . . . . . : < 10 ,0
ThalUum* ug/L. . . . . . : <10. 0Thal l ium* ug/L. . . . . : < iO. 0
Zin c * ug/L. . . . . . . . . . : 1 12
Zinc . ug/L. . . . . . . . . . : 98.9

PRODUCED ON 03/29/88 AT 11a»»a»«aaaMwa ***(^»*a***JKa»aia

SOURCE

03 PAGE
=3=3;

03 EFFLUENT
INFLUENT.g.
03 EFFLUENT
INFLUENT 2
03 EFFLUENT
INFLUENT 2
03 EFFLUENT
INFLUENT 2
03 EFFLUENT
INFLUENT 2
03 EFFLUENT
INFLUENT 2
03 EFFLUENT.
INFLUENT 2
03 EFFLUENT
INFLUENT 2
03 EFFLUENT
INFLUENT 2
03 EFFLUENT
INFLUENT 2
03 EFFLUENT
INFLUENT 2
03 EFFLUENT
INFLUENT 2

CM
O
CO
O
O

ja

008021



IIII
I
I
I
I
I
I
I
I
I
I
I

RESOURCES. INC
Pagt-

OF DATA

Samp it; 88030072

0?t! £0lUe t » < : 03/03/88Data R.c . iv td 03/03/88

n*!* Sxt ' -a c t fd : 03/09/88Data Ana l y z . d : 03/18/68

Sourca: 03 EFFLUENT
: TREATABILITY STUDY

C l * * n . uP Method
»U i ca gal claan-up

Polgnuc l .ar Aromat.c Hydrocarbons
Ac.naphthtnt . . .
Actnaph ihgUn, . .Anthrac »n . .

' 'B tnzo < a > py r . n .
g . h )3.nzo < k ) f l uoranth tn . .

Pluoranthana ,- - 37. 6
"

94. 8

-bcv. rt,ult,

.no
no

CM
CM
O

008022



III
KEYSTONE ENVIRONMENTAL RESOURCES. INC

P*g«- 2

TABLE 3: SUMMARY OF PAH DATA

Sample : 88030073
Date Co l l e c t e d
Date Re c e i v e d :

O3/03/88
03/03/66

Sourc e : INFLUENT 2
Desc r i p t i o n : TREATA81LITY STUDY

Date Extrac ted : 03/09/88
Date Ana l y z ed : 03/19/88

"Clean up Method
s i l ica gel clean-
f lor is i l c lean-up
alumina clean-up
sulfur clean-up .yes no

IIIIIII

Polynuc lear Aromat ic Hydrocarbons
Acenaphthene . . . . . . . . .
Ac e n a p h t h y l e n e . . . . . . .
A n t h r a c e n e . . . . . . . . . . .
B e n z o ( a ) a n t h r a c e n e . . .
B e n z o ( a ) p y r e n e . . . . . . .
8«nzo <b )? luoran thene .
Be n z o ( g . h , i )perylene .
Benzo < k ) f l u o r an t h e n e .
C h r y s e n e . . . . . . . . . . . . .
D i b e n z ( a h > a n t h r a c e n e .
F i u o r a n t h e n e . . . . . . . . .F l u o r e n e . . . . . . . . . . . . .
I ndeno < 123-cd)pyrene .
P h e n a n t h r e n e . . . . . . . . .P y r e n e . . . . . . . . . . . . . . .

56. 3
3. 03
12. 0
43. 1
14. 4
21. 3
16. 8
8. 10
43. 5
24. 9
101
18. 6
1 1 . 9
66. 1ill

CM
O
00
O
O

I
I

Other Polynuclear Aromatic Compound* tes tedC a r b a t o l e . . . . . . . . . . . . . : <2. 00
Naphthalene. . . . . . . . . . . ; <2. 00

The above result * are reported in ug/L .
All PAH ident if icat ion* are from retent ion data only

008023



II1 M I C R O T O X ( r ) DATA SHEET
STANDARD 16^5 MG/L , 3 / 7 / 8 8 , T IME g M T N .

FA IR ft CQNC.
5 .680

1 I - 760
22 .770
45. 45'.'

l a/ I t
85. ' . '7~65.0
8 6 . O / 52 .0
85 ,O/ 36 .0
8 9 .O/ 24 .0

G-OBS
'37250
0 . 5 8 1
1 . 257
2 .545

G-EST

0.56 1
1 . 2 1 6
*», /,--*- • Q ™- v

I
I
tL

I
I

.ANK Bo/Bt= 91 / 87
.ANK RATIQ= 0 .9560

- 80 = 65 .973
< 1 7 . 3 2 8 TO 20 .934 )
( 4 .700 TO 6 .4o4 ) ~

=0 .99921

( 5 4 . 3 1 8 TO 8 0 . 1 2 8 )

SLOPE = 0 ,8953 INTERCEPT = +2 .9481

l
RES.

J . 159
M 0 1
' . 104
» . 153

PROB.
1OO

40
47
93

1

l M
M
A
S

* LQG( CQNC . )1II

C\J
O
00
O
O

CROTOX

008024
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I M J C R O T O X ( r ) DATH SHEET

1
|A11

•^<™l
I

LHNK
-ANK

I: so- 20
•-C 80i

** CONC.
f ._> j(" iw. Qti'.*

1 1 . 360
2 2 . 7 3 0
45 .450

Bo/&t= 90 /
RATIO= 0 .9556

10 .844 (
2 . 3 4 2 (

= 50.209 (

*».» • -wi . „•/ r <• ww ) ' 1 ' iC - "1 L f'4 t

»
Io/It - G-U&S G-EST

94. u7 58." O.S49 0.558
96. O/ 44 . o 1 . 085 1 . 0 4 3
9 1 . 0 / 30 . u 1 . 899 1 . 952
88, 0/ 18. u 3 .672 3 .65 1 _
86

9,948 TO 1 1 .940 )
1 . 8 6 0 TQ 2 .948 )

43,096 TO 58,497 )

l -0 .99974 SLOPE = 1 . 1 0 5 6 INTERCEPT - ^2. -.836

n iCROTQX l s a Regts tered Tr^de Mark of Mtcrob i c s Corporat ion .il
MlCROTOX( r ) DATA SHEET

-0,99923 SLOPE « 1 . 047B INTERCEPT * +2. £36o

J CROTQX is a Regiatorad Trade Mark of Micrabtcs Corporation.

CM
O
00oo

• jO.300-2, COLL. 3/3/88 . RUN 3/V/Bf l , T IMC *^ M !K,

• UR

l•-•1~_ANK
M,ANK
1
*"Z 50
1* 20

- 80

# CQNC,
5 .680

1 1 . 360
22 .730
45 .450

Bo/Bt* 90 /
RATIQ= 0 .9889

. = 9 . 3 6 1 (
- 2. 190 (a 40 .0 10 (

Io/It I3-ODS
947o7~59.0 (576*".^
96. O/ 42 .0 t . 260
91 . O/ 27 ,0 2 .333
88, O/ 16.0 4,439
39

8.364 TO 10 .477 )
1 . 697 TO 2 .826 )

._14.,69O TO 4 A . 1 4 A \

Q-EST '
0 .622 : :

1 . 203
•^ -?TI*. . • J ,' 1
4.51 1

.£
j"1

. . .J
"^53

— ——— --_ ——————— -_j,JI

008026



I11
1•111

M I C R O T O X ( r ) DATA SHEET
907O072 DUP. COLL

AIR tt CONC.

1 5 .660
2 11 . 360
7 22 .73O
4 45,450
LAN*': Bo/Bt= 81LANK: RATIO= 0 . 9 3 7

C 50 = 11 . 777
r~ TI — •*• ^*-"^«~U •_'.> — •_' . _• / ,„1

1
r-1
1
1

"C 90 * 40 ,857

" =0 .97202 SLOPE

. 7 / 3 / 8 8 , RUN 7 / 7 / 9 8 ,

l o/ I t
94. O/ 62 . "
69. O/ 73. ' . )
7d . o/ 10 . ( i
86, O/ 18 , "

7

( 6 .440 TO 2 1 . 7 9 2
( 0 ,942 TO 12 .065
( 1 6 . 9 1 7 TO 98 .702

= 0 .8998 INTERCEPT

T IME 5 H IM .

G-Q6S G-EST
0 . 4 9 7 57476 . - - - ; . -
0, 793 .0. 995
2. 757 2m <~ >41
3 . 7 1 9 4 .225

> CM
> 0
> CO

O
3 +2 .4627 °

1 ICRQTQX 15 a Registered Trade Mark o-f Microb lcs Corporat ion.

MICROTOX(r ) DATA SHEET
HSO-30072 DUP. COLL.l
l
l

••
|
•

AIR 4ft CONC.

i 11. 360
"^ T^ 7*T(-1u. 4U<^ • / -_-*J

3 43 .450
* 5/680
LANK Bo/Bt= 81
.ANK RAT 10= 1 . 074 1

: 50 = 8 .704

7/3/88 , RUN 3/7/88 ,

l a/t t
947o/~58.0
69. O/ 34 .0
38. O/ 8.0
86, O/ 15 .0

/ 87

( 4. 166 TQ 19. 187

TIME 15 MIN.

G-OBS G-EST
1 . 1 80 1 . 386
4. 102 2 , 9 1 7
5. 158 6 . 1 35
0.655 0.659

>
; 20 j* 2 ,579 ,_t J . -0.574 TO " 1 1 . 5 9 4 )

"«C SO = 29.^80 ( 1 4 . 1 2 5 TO 6 1 . 1 08 )

•0 .97024 SLOPE « 0 .8775 INTERCEPT * +2 . 1638

CCRQTOX is a Raqiatfcrad Tr^de Mark of Mierobic * CorpofAtionI
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I
|!§»5£UZ1. COLL. 3 / 3 / 8 8 . RUN 3 / 7 / 8 8 , T IME 5 H IM . PREDIL K

M I C R Q T Q X ( r ) DATA SHEET

Ii
50 « r . 4 7 7 < 2 . 1 9 3 TO 2

< 0 .496 TO 0 .702 )I
SII

20 = 0 .590
iC 90 = 10 .390 ( 7." 879 TO

-0.99899 SLOPE = 1 . 0344 INTERCEPT » +0.90.69

Tl ICRQTQX is a Registered Trade Mark at Microb i c s on

MICROTOX ( r ) DATA SHEET
*807W?' COLL- 3/3X88 , RUN 3/7/88, TIME 15 MIN. PREDIL IOXIf
FAIR CQNC.

0 .368
1 , 136
2 .273
4.545

lo/It
i i275x~a9.o
99.O/ 63 .0
9 1 . O X 44 ,0
94.OX 3 1 . 0

G-QBS
57272
0 .588
1 .090
2.065

G-EST
57284
0.554
1 .083

i < BoXBt» 93 X 94
ANK RATIO= 1 .0 108

ii
2 .09 1 ( 1 . 839 TO 2 .378 )
- *"' < 0 .401 TO 0.623 )

( 6 .526 TO 1 1 . 7 2 1 )

-u. 99867 SLOPE « 1 .0322 INTERCEPT . +0 .7 -377

CROTOX is a Kegiatarod Tr.a. Mark of Microb ic * Corporation.

A I F
1••»

4

LAN
AN

'< # CONC.
0 .568
i . 17-43
2 . 273
4 .545

K Ba/E*t= 93
I-. OATTr- t — ,-. ,-.—,-.—

l a/ I t
1 1 2 . OX 8 5 . 0
99. OX 6 2 . 0
91 . OX 4 4 . 0
94. OX 32 .0

/ 87

b-aes
0. 233
0. 494
0 .935
1 . 7 4 9

k

G-EST
(') "• 4! i• • *• H L
0 . 4 7 1
0 .920
1 7Q=:. * « / .7 J

- ™»

.,.,«
-i.'iBSffi

CM
O
COoo
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i

IIll
I m 98(-'7 'Xf77,_J>UP, COLL,
•
1 _ PAIR # CONC.
1 • ______
I * 1 0.566~~
1 M - 1. 136
I 5 * 4 .'454
1 n BLANK B0/Bt= 92 /
§ SL-ANK RAT IQ= 0 .9565

1 I ;C 50 - . 2 .369 <
• --C ̂o = 0 .625 (

EC 80 = 8 .988 (

R =0 .99846 SLOPE =

• "UCRQTQX is A Rente * . ,* « st t^ey lSt)1
1•1

-SS.03007?: D I IP , rn| , -

I
'"AIR » CQNC.
| JL 0.568""

* * 1 . 1 36
3 "" .?7^^ *- . i. / _.

• 4 4 .454
BLANK Bo/et= 92 /• "-•LANK; RATIO= 1 . 0 2 1 7

I -C 50 a 2. 140<- *y. » 0 .550 (-C 80 = a ." : i9 /*••- • 4.' 4 7 ^

M J C R O T Q X ( r ) DATA SHEET
-/3/aa , RUN -///as , T IME 5 M (

I0/ I t G-QBS
57. OX 6Q i •----. —' « a • ' o " * * 1 / !87. 0/ 57 „ «-J .-^4

" * W / • * / * * «

87. O/ 4 1 . , " ' *$?
86. 0/ 29 . , '^1 . Ow7

' auOO

2 .048 TO 2 . 7 4 2 )
'J -509 TO 0 . 7 6 7 )
6 .5 ^7 TO 1 2 . 3 7 7 )

0 . 9 6 1 7 INTERTPPT _ii"i i crvutPT = *o, 8627

3rSd Trade M^rk °^ Micrabic , Cc

MICROTOX( r ) DATA SHEET
/-/as, RUN 3/7/aa, UME.^^MIN

Io/It G-QBS
87. OX*"?7 r- ~~' ——\it , se / i . (.. (•, -\er't
97. OX 38. 0 rt's^
87. OX 42 .0 ["til
36.0X 29 <0 ^,^
94

f - -9 . 15 TO 2 .39 1 )
0 .46 1 TO 0 .657 )
6 .506 TO 10.6-38 )

^ PREOIU
*G-EST

0.227
0.466
0 .957
1 . 9 2 1

rporatior

. PRED1L

Q r^ f* ̂*EST
0.259
0.524
1 . 06-3
2. 109

.-:- . -

10X

o
CM
O
CO
O
O

=0.99902 SLOPE = 0 . -795 INTERCEPT => + -0 .7606
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yi§!2Jp_IHJSiIM«ETAT10N

0 -

TOXIC1TY HATING

- VERY TOXIC
- TOXIC
- MILDLY TOXIC

SLIGHTLY TOXIC
WON TOXIC

LCSO

« TO 50%
TO 751

> 7 5 % TO 100%
TO 20"

t TO ' 3 U - &
>30 * TO 'lU;

>40%

O
K^
O
CO
O
O
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APPENDIX 8
ACTIVATED CARBON ISOTHERM TEST RESULTS

O
CO
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1
( TABLE OF

— SAMPLE tt
• ——————— *"88010982

98010983
138010984

88O10989
8801O986

138010987
88010988
88010989

—38010990
•38010991

880 1O 99 2
38010993

•38010994

iiiliiiiiii

KEYSTONE ENVIRONMENTAL RESOURCES, INC I

CONTENTS

SOURCE
CI 0. Og
CX O. 009g
CI 0. Olg
CI 0. 029g
CI 0. 09g
CI 0. lOg
CI 0. 20g
C I O . 90g
CI l .O g
CI 2. 9g
CI 9. Og
CI 10. Og
CI 20. Og

PRODUCED ON 02/18/88 AT 14 42

DESCRIPT
TREATABILITY STUDY
TRGATABILITY STUDY
TREATABILITY STUDY
THEATABILITY STUDY
TREATABILITY STUDY
TREATABILITY STUDY
TREATABILITY STUDY
TREATABILITY STUDY
TREATABILITY STUDY
TREATABILITY STUDY
TREATABILITY STUDY
TREATABILITY STUDY
TREATABILITY STUDY

-

. : -_ . - _ _ _ : . • • ...... - _ : . : . . , _„

DATE-COL DATE-REG ORD #
01/28/88 01/29/88 M8801
01/28/88 01/29/88 M8801
01/28/88 01/29/88 M8801
01/28/88 01/29/88 M8801
01/28/88 01/29/88 M8801
01/28/88 01/29/88 M8801
01/28/88 01/29/88 M8801
01/28/88 01/29/88 M8801
01/28/88 01/29/88 M8801
01/28/88 01/29/88 M8801
01/28/88 01/29/88 M880X
01/28/88 01/29/88 MC8G1
01/28/88 01/29/88 M8BQ1

•

. ... . — . — .._ -_ — .-.- -. .,-.—. . — , — _^~ — — , — , — ._^._ — ̂ _._.u._.

PAGE 1

160 I
160 •
160 •
160 •
160 •
160 •
160 •
160 •
160 I
1 £ >0 I
160 I
160 I
160 -CM I

0 IVatv1 ••

CO I

1
--

-;:

- :-r
— — -•-— ̂^^^g

.-^
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II KEYSTONE ENVIRONMENTAL RESOURCES* INC.

TABUS 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 02/18/88 AT 14 :43 PAGE

m SAMPLE *
NAPHTHALEf

188010382
88010383
88010384
88010383

• 88010386
• 88010387

88010388
188010389

88010390
88010391

188010392
88010393
88010394
TOTAL RECC

• 8801O382
• 88010383

88010384
188010383

88O 10386
88010387

198010388
88010389
88010390
88010391

• 88010392
•88010393

88010394
• TOTAL ORQ'

88010362
88010383

138010384
88010383
88010386

H 980 10387
•38010388
•88010389

38010390
138010391

88010392
€8010393
• 38010394

RSLT. LNE
*E
Naphthalene* ug/L. . .
Naphthalene. ug/L. - .
Naphthalene* ug/L. - ,
Naphthalene* ug/L. . .
Naphthalene* ug/L. . .
Naphthalene* ug/L. , .
Naphthalene* ug/L. . :Naphthalene* ug/L. . .Naphthalene* ug/L, . .
Naphthalene* ug/L. . .
Naphtha lene * ug/L. . .
Naphthalene* ug/L. . .
Naphthalene. ug/L. . -

3VERABLE PHENOL I CS (ASPhenol* mg/L. . . . . . . .
Phenol * mg/L. . . . . . . .
Phenol* mg/L. . . . . . . .Phenol* mg/L. . . . . . . .
Phenol * mg/L. . . . . . . .
Phenol* fflg/L. . . . . . . .
Phenol * fflg/L. . . . . . . .
Phenol* mg/L. . . . . . . .
Phenol* mg/L, . . . . . . .
Phenol* mg/L. . . . . . . .
Phenol* fflg/L. . . . . . . .
Phenol * mg/L. . . . . . . .Phenol. mg/L. . . . . . . .

iNIC C ARSON
TQC* mg/L. . . . . . . . . . .
TQC* ffla/L. . . . . .
TOC* mg/L. . . . . . . . . . .
TQC* *g/L. . . . . . . . . . " .
TQC. «0/L. . . . . . . . . . .
TQC. »g/L. . . . . . . . . . .
TOCi *g/L. . . . . . . . . . .
TOC* mg/L. . . . . . . . . . .
TOC. «ii/t. . . . . . . . . . .
TOC. *ng/U. . . . . . . . . . .TOC* mg/L. . . . . . . . .
TOC* mg/L. . . . . . . . . . .
TOCi ma/L. . . . . . . . . . .

2740
3360
784
32. 4
<3. 00
<3. 00
<3. 00
<3. 00
<3. 00
<3. 00
<3. 00
<3. 00
<3. 003HENQL)

7. 43
6. 43
6. 82
4. 22
0. 937
0. 033
0. 009

<0. 003
<0. 003
<0. 003
<0. 003
<0. 003
<0. 003
36. 0
47.0
37. 7
17 .3
7. 49
3.93
4.00
3 ,64
4.23
3. 78
3.03
2. 96
3.09

SOURCE

CI 0. Og
CI 0. 003g
CI 0. Oig
C I O . 023g
CI 0. 03g
CI 0. 10g
CI 0. 200
CI 0. 30g
CI 1. Og
CI 2. 3g
CI 3. Og
CI 10. Og
CI 20. Og
CI 0. Og
CI 0. 003gCI 0. Olg
CI 0. 023§
CI 0. OSg
CI 0. lOgCI 0. 20g
C I O . 30g
CI l .Og
CI 2. 39
CI 3. Og
CI 10. Og
CI 20. Og
CI 0, Og
CI 0. 003gCI 0 .010
CI 0.0230
CI 0. OSg
CI 0. 100
CI 0.200
CI 0. 30g
CI 1. Og
CI 2. 3g
CI 3. OgCI 10.00
CI 20. Oa

O
CO
O
O

II
IThe Naphthalene identif icationt are from retention tUt* onlg.

~ ' ' " '""
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I »™™!.E'""R01»1eN«l- »SSOU«CES. INC
TABLE 1: SUMMARY OF

0 aavxMVs*

( SAMPLE *
OH —————prt
88010382

• 88O1O383
• 88010384

88010383
1 36010386

8801O387
88O1O388

I
8801O389
Q8O1O39O
88O1O391
88010392

B 88010393
88O1O394iiiIiii

———— ... — „„„;;:„.„ ™
RSLT. LNE

PH, un i t s . . . . . . . . . . . - 7 -
pH. un i ts . . . . . . . . . . ' 7' ,
pH, un i t s . .....'.['.'.' - 7' f
pH, un its . . . . . . ' ' ' ' ' 7 * ,PH, units . . . . • 7 f
PH. un i ts . . . . " . ' 7 IP H . units. . . . " • • • ; : ^ -6
PH, u n i t s . . . . . . . 7 ' f lPH. u n i t s . . . . . . ' " : 7g
PH, un i t s . . . . . . . 7 '8PH. un i ts . . . . . . . . . . . • g QpH. un i t s . . . . . a ' -PH. un i ts . . . . . . " JJ ' f• . . . . . o. S

DDUCEO ON 02/16/88 AT
**********************

SOURCE

CI 0. Og
C IO . 003g
CI 0. Olg
CX 0. 023g
CI 0. 03g
CI 0. lOg
CI 0. 20g
CI 0. 30g
CI l .Og
CI 2. 3g
CI 3. Og
CI 10. Og
CI 20. Og o

03
oo

i
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IIII
I APPENDIX 9

CARBON ABSOWITON ISOranw PIXXTS

I

I

9
I
I
I
I
I

m
K%
O
00
O
O
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TABLE 9-1

SOUTH CALVALCADE SITE
CARBON ADSORPTION ISOTHERM DATA

NAPHTHALENE

0 (control)
0.005
0.01
0.025
0.05
0.1
0.2
0.5
I
2.5

10

(c)

!• Solvtta (rat7*)

2.740
3.560
0.784
0.032

<0.003
<0.003
<0.003
<0.003
<0.003
<0.003
<0.003
<0.003
<0.003

Total NaphthaleneAdsorbed(mg/1)

1.956
2.708

>2.737
>2.737
> 2.737
>2.737
>2.737
>2.737
>2.737
>2.737
>2.737

(x/m)
Naphthalene Adsorbed.„, Per UnitWeight (ing/gram carbon)

19.56
10.83

>5.47
>5.47
>5.47
>5.47
>5.47
>5.47
>5.47
>5.47
>5.47

0 0 8 0 3 6
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TABLE 9-1 (continued)

SOLTH CALVALCADE SITE
CARBON ADSORPTION ISOTHERM DATA

PHENOL

Phenol
Adsorbed(me/I)

P̂henol Adsorbed
Per UnitWeight (ing/gram carbon)

0 (control)
0.005

0.025
0.05

0.2
0.5
1
2.5
5

10
20

7.45
6.45
6.82
4.22
0.937
0.053
0.009

<0.005
<0.005
<0.005
<0.005
<0.005
<o.oo5

1.000
0.630
3.230
6.513
7.397
7.441

>7.445
>7.445
>7.445 ;
> 7.445
> 7.445
> 7.445 ;

ii0 0 8 0 3 7 : :i
0 ;]

20.0
6 1.3

12.9
13.03

7.39
3.72

>1 .49
>1 .49
>1.49
>1 .49
>1 .49

| > 1 .49
ii

• i!i i1 i
i1 ,
1 ! .jj i 1 1 . •
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TABLE 9-1 (continued)

SOUTH CALVAIX^DE SITE
CARBON AOSORPTION ISOTHERM DATA

TOC
(oi) " ————

Height of Gttbea(cnun/l*» nl aoivtioa)

i 0 (control)! aoos
0.01

{ 0.025
0.05ai
0.2
0.5
I
2.5
5

10
; 20

I <*>~ ——————ONMxatratica of. TOCfo Solution (mg/])
" — "" ————— ——

56.0
47.0
37.7
17.3

7.49
3.95
4.00
5.61
4.23
3.78
3.03
2.96
3.09

(*>TOC
Adsorbed(me/n

1 _____^"^^^^^^^ •̂̂ •̂̂ ^^ •̂̂ —••̂

9.00
18.30
38.70
48.5
52.05
52.00
50.39
51.77
52.22
52.97
53.04
52.91

S/m)
TOC AdsorbedPer UnitWeight (me/gram carbon)__ ___• —— - — - ———— —— _

180
183
/54.8

97.0
52.0
26.00
10.0
5.2
2.!
1.0
0.5
0.26

0 0 8 0 3 8
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TABLE 94 (continued)

SOUTH CALVALCADE SITE
CARBON ADSORPTION ESOTHERM DATA

pH
(m)

pHofFiltrate

0 (control)
0.005
0.01
0.025
0.05
0.1
0.2
0.5
1
2.5
5

10
20

7.5
7.6
7.6
7.5
7.6
7.6
7.6
7.8
7.8
7.8
8.0
8.2
8.2

0 0 8 0 3 9

008039



IIII
100.0

1 0 .0

E
X

I 0.

SOUTH CALVALCADE
CRRBON ISOTHERMS

NRPHTHRLENE

0,00.0001 0.0010 10.0000

o
<^ro
COoo

ii reqression -formula *Or computing VO l sVO « 0 .42683
+ i . 1 T2 14 N ((X + 4 .00000 )/5 .00OOO)

I

I
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I

0.0.0001II1I

CALVALCADE
CfiRBON ISOTHERMS

PHENOL 4RRP

+0. 77859 x ( (X +4 . 00000) / 5. 00000)

10.0000

o
COoo

I

II
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I

II

^^KaJm j^g^^gg^fj^fB^^^^^^mj^^^^^^^^^^^^^^^n^^^^^^^*^^^*^^^^^^^^^^^^^*^^^^^SOUTH CALVALCADE
CRRBON ISOTHERMS

TCC

10. CO

The regress ion -formula -for computing YO is j
YO = -0 .50098

•Kr.. 24075 x ( < X - 0 . 0 0 0 0 0 ) / I , 6 9 8 9 7 )

50.00

O
COo
o

II
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SOUTH CALVALCADEISOTHERMS

o
oooo

50.00

i

I
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i

.00O.COi 5.00

SOUTH CALVADE
CfiRBCN ISOTHERMS

PH

0,00 15 ,00 20 nn
CflRBON DOSRGE ( * } *

O
00oo

25.00 30.00
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IIIIei APPENDIX 9A
CALGON CORPORATION'SACT REPORT in
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oooo
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I
CAIGON CARBON CORPORATION P.O. 0QX 717 PITTSBURGH, PA 1$Z) <H )717 (4 12 ) TIIEX 671 1837 CCC PGH

I
I
I
I
I
I

7 8 7 - 6 7 5 6

Apri l 20 , 1 9 8 8

Mr, Mark Smock
KEYSTONE ENVIRONMENTAL COMPANY
440 College Park Drive
Konroevi l l e , PA 1 5 146
Dear Mr . Smock :
Enclosed for your review are two (2) copies of the technicalserv ices report present ing the results of the Accelerated ColumnTest (ACT) study on samples of pretreated groundwater from yourCavalcade, Texas s ite .

o
00oo

Keystone Environmental has not yet determined the flow for the
groundwater at the s ite . A 15 minute empty bed contact time (s imulates the following flow in Calgon Carbon ' s product lines
are backwashable .

EBCT}that

AOOUft*

Model
Mobi le PACModel 2
Model 7%Model 10

VesselD i am . ( f t
4 ft.
4 ft.

7 .5 f t .
10 ft,

EBCT
15 min.IS min.15 ain.15 min.

flow
24 gpm
35 gpm

116 gpm
356 gpm

!,!«•*2 , 0 0 0 *
6 , 5 0 0 1

2 0 , 0 0 0 «

r-aoo
Backwashflow Rate

Req'd for 50% exp
24ft gpa
240 gpm
840 gpm1500 gpm

The results of the ACT indicate that the phenolics will be thelimiting factor, followed by TOC, and finally the naphthalene.Although the naphthalene initial concentration was below thetreatment object ive , significant breakthrough was achieved at 25days of simulated time.
The following table lists initial concentration treatmentobject ives and carbon usage for each component:

008046



Mr. Hark Smock
KEYSTONE ENVIRONMENTAL COMPANY
Apr i l 2 1 , 1 9 8 6
Page Two

IIII1II

III

1 ) Ant i c i pa ted
Init ial Con e .

2) Actual Initial Cone .
3 ) Trea tment Obje c t i v e
4) Us i ng 2 Vesse l sin ser i e s ant ic i-pated carbon userate

TOC
63 ppm

58 ppm
30 ppm
2 . 5 1 / M

Phenols
6 ppm

5 .3 p pm
0.5 p pm
2 . 7 5 1 / W

Naphthalene
35 ppra

0 . 3 3 5 p p m
0 .5 p pm

gal. l #/M gal.
t- A A l_ ._ _50% break-through)

The fo l lowing l ists each previously mentioned carbon adsorpt ionsystem with their carbon usage at the X5 min. EBCT.

Model
1) Mobi le PAC
2) Model 3
3 ) Model 7 . 5
4} Model 10

Flow_..Ra_te
24 gpm
35 gpm

116 gpm
356 gpm

At 2 .5 # /M Gal,Carbon Use Rate
86.4l/d«y
1261/day
418*/day

12831/day

Change Out
24 days
16 days
24 days
16 days

In the repor t/ air stripping is mentioned as a possible alterna-t ive . The design of an air stripping systea will depend upon1) each compound's air str ipping factor; 2) economics of an airstr ipp ing system with a liquid phase carbon system for non-strippable compounds, and 3) if a vapor phase carbon system isneeded for the vapor exhaust stream. Usually in groundwatercleanups involving phenolic compounds, air stripping is not usedbecause the compounds are not air stc ippable.
Once Keystone Environmental determines the flow rato, f irm pric ingcan be given for the appropriate adsorption system.

o
COoo
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Mr. Mack Smock
KEYSTONE ENVIRONMENTAL COMPANYApr i l 2 1 , 1 9 8 8Page Three

If you have quest ions or need further informat ion, please feel freeto contact Ron Moskal or myse lf .
Very truly yours,

GHG: a h

CALGON CARBON CORPORATION

Gary H. GunneraonAppl icat ions Engineer
CO
*#
O
00
O
O

i

c c : R. M. Moskal

I
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CALGON CARBON CORPORATION

Technics! Service Report No. 0188*28

Accelerated Colutan Test for Reaovtl of TOO,
Phenolic* «nd Nefhthelene fro« Groundweter

Using F-300 GAC
o
00oo

III
I
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Keystone Enviromaenttl, tnc*

KonroevilU, PA

Author:
P. A/ RelWc 6625

Inv«icig*tor: P. A. IUii«r
D*t«i April 4, 1988•11111

COPY:
D. A,
V.
S.
M.
R,
G.
F.

A.
D.
M.
M.
H.
F.

BiectnBrunottg
CifruUkCl*n«nsMo«k«l
Gunntraon
M*ndicino

KEYWORDS:
ACT
F-300
Groundwat«r
TOC
Ph«nol
Phenolici
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OBJECTIVE

:ont Environmmuu Inc. of• Plant * < r * <« e* *. c - _ of
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Technical ServU* (Upopt No. Olflfl-Pi A, Reiser 28
A ,

iiriiii

Analyst* of the filtered saaple coapoaic* uiied in eh* study showed slightly lowerthan expected l«vels of TOG and phenolics. Th« naphthalene concent was only 0 * 3 3 5ag/L, below th« creataent objective of 0.5 ag/t and 100 ti*es lover than expected.Th« composit ion of the fi ltered water sanple is listed below:
TOC 58 tjt/lPhenolic* 5.3 tag/l
Niphth»l*n<i 0 .335 og/L

An ACT study was conducted ainuUcing « 4 ft, diitact«r Adiorbar containing 2000 Ibsof F-300 GAC opefaeing at ^ surface loading race of 2 .80 gpm/ft. (35 gpu). Theiecondit ions simulated a W*~minut« contact eia«. The »cudy was continued until near
100Z breakthrough of TOC was observed. The results of the study have been compiledin Table I and Figures 1 , 2 , 3 , and 4.

Because of the early naphthalene breakthrough, v« are unable to provide asufficient voluae of cont*ninate~fr«e ACT effluent to the custover for PNA
analyeis. Naphthalene breakthrough accurred after 15 .9 siauleted days of treaeaentand had reached 0 .209 ng/L at the cenairution of the seudy.
Saaple* were collected aanually for determination of TOC, phenolics and napthalene.TOC was nonitored during the ACT run by analysis on a Beckman TOC analyzer. The
scudy vas terainat«d vhcn TOC levels of the effluents reached 95% of the influentconcentration* Naphthalene vas deteminad by ga« chrosatography using a TeknarLSC-1 saaple concentrator and a flaae ionization detector. Saaplee for the
determination of ph^nolics vert subaitced to an outside laboratory for analysis bythe 4-amino«ntipyrine Mthod. this test neasuree the total phenol, ortho and aeta
subst ituted phenols* and those para eubstieuted phenols in which vhe substitutionis a carboxyl, halogen, nethoxyl or sulfonic acid group. T'.u saaples which weresubnitted to th« outside laboratory for analysis had been screened in ourlaboratory by liquid chrovatogfaphy with UV detection* It w#s noted that the
phanol (C .H .OH) concentrations of the saaples were lov in comparison to the totalof substituted phenolic* noted*
/njt

ino
COoo
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TABLE X

KEYSTONE ENVIRONMENTAL/SOUTH CAVALCADE, TX
TSR #0158-28

ACT Effluent Data TableB
fi
I

1
1
1
1
1
I0
1
1
1
1
1
1
I

SimulatedDay*
0 .24
1 . 6 7
2 .56
3 ,46
4 . 3 5
5.24
6 . 1 3
7 . 0 2
6.60

10 . 56
1 1 . 4 7
1 2 * 36
1 4 . 1 4
1 5 . 9 2
1 7 . 7 1
1 9 , 4 9
2 1 . 2 7
23 .05
24 ,83
26 .6 1
3 3 . 7 4
4 2 . 6 4
5 1 . 5 5
59 . 56

Simulated
MM Gallons

0 . 0 1 2 4
0 .0850
0 . 1 3 0 3
0 , 1 7 5 5
0 .2207
0.2659
0 . 3 IU
0 .3564
0 .4469
0 , 5 3 7 3
0 .5826
O . t 2 7 8
0 . 7 1 8 2
0 .8087
0 .8992
0 .9896
1 .0801
1 . 1 7 0 5
1 . 2 6 1 0
1 . 3 5 1 5
1 . 7 1 3 3
2 . 1 6 5 6
2 . 6 1 7 9
3 .0249

TOC Naphthaleneng/1 u#/l
5
3
6
5
7
6
6 W
8

14
ND

16
28
33 244
47
33
50
50 26
30
52 38
52 78
55 122
53 209

Phenolica
**A

<0 »0<6

<0 .04
0.08
0 ,07

<0 .04
0 . 1 5
1 ,90
6 .60
7 , 7 0

Carbon Use Race ,
tn L b a/ 1000 gallons

1 6 1 , 2 9
23. i3
1 5 . 3 5
1 1 . 4 0
9 .06
7.52
6 . 4 3
5 . 6 1
4 . 4 8
3 . 7 2
3 . 4 3
3 . 1 9
2 , 7 8
2 . 4 7
2 .22
2 .02
1 . 8 5
1 . 7 1
1 . 59
1 .4C
1 , 1 7
0.92
0 .76
0,66

:: - -:rB

I.CM 1

O 1
CO 1o Io I

- • = "1
• ' : =
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Figure 1
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Figure 3
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Figure 4

Chromatogram of Volatile Hydrocarbons in Effluent
Sample at 26 ug/L Naphthalene Breakthrough

Level

I

III
III

Peak at R.T. 16 . 22 Naphthalene
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CALGOW CARSON CORPORATION
T E C H N I C A L S U P P O R T R E Q U E S T

LOisruLi.cn, 07
TSRNUMSER
OAT«

ORIGINATOR ft OEPT.
£& ff . fci<e^£U./\/£'& "3 ttfi^'. ———————————PURCHASE OR OCR COVERING THIS WORK?
Lj NO ^ FILL IN PROPER PJC NO.

j?ff Yes *^ * ° ""- ̂*" r fSOastof/^s^
*.n AkJT

*rMA«/^« wo , _

•LEAVE BLANK - WILL BE ASSIGNED BY
SALES SERVICE.

CUSTOM! R _' * ' ————— "~ ———————————— i

"""^^t^^^-^-y^ .^- , ̂ ^ 1

CONTACT^
/*SjM j£ f£ -&f^7& {*- J^"

TELEPHONE _ "_ _ • ' . • — -
^ 2 "*?- 2.*f&0 X %$ty

PRODUCT , . , ,. . ..' - ^ ̂ -i-rE^

FINAL REPORT DISTRIBUTION AFTER TSR AP^OVAL
COPIES TO ACD COPIES TO

REG.MGR. - r^**i^ REG.MGR. - rs^*?^
SALESMAN - /£>i*tX«-^ SALESMAN - &****ist r-
APFLl. ENGfl. - ^Jrf^j APPLI-CNGrt. 'f^T' T
OIR.OPSALES - LJ4**> OIW.OFSALES - tx^<-
OIR.Off i40 - ]ZiS<L SALES SfRV. OC^T. - MC? ^
MKTG.UIH^MGR. - A7A//" OIR. OF rt * O - & Ls(~^

OOES APPLICATION INVOLVE A NEW PRODUCT OR APPLICATION? [ JVCS £7\ NO C1 J *-*B-*

IN Vf», INDICATE ORIGIN QF CONCKPT. [_J StL* [_j CUSTOMER ("] JOINT

D OTH,«L_ 1

MARKETING
^, M ..0-rff-rro , /vf An «?«**!M

•^ogBSTf o cQu*LfTiOM 0-*'! ̂ Z^J^^jS — __^ SAMPL» AWAiLA«t^» -^_ -£-^-/_5£~flf%_

I
I
I
II ,

I 7.
SAPCTY

r*'-e^i •"
RESEARCH

ACTION TO 9S TAKIN:

CSTtMATI O COST > SSTIMATgO CO*T *I APPROVALS
«*0
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J-tt-Il TSR No.i
iiiiii

ACCELERATED COLUMN TEST REQUEST

Jg.Customer Name
Location
Application Engineer
I. Process or System Description (PROVIDE AS MUCH DETAIL AS POSSIBLE-

ATTACH PACES IF NECESSARY);

1. Application Area; Crounduacer X Wastevater
2. Description of the Customer Process or Process

COin
o
oooo

i 3. Stream Composition (Detail All Compon«nts, Concentrations, e t c . ) :
•JC - :

' t •*/ ——

^^^^^b

<*. Does eht Sample Contain VQlatiles^ye^np If yesf .special sampling
proceduree should b« arranged?" y^ /^ v^^ < i-/** • * * ~*

5, Sample Storage Requirements: Ambienc7sSTriaerT6f/Other-________

6. Sample Properties: pH _~7,Z.
Suspended Solid* A/*/ i

TOC Condutcivicy
Other Known Properties
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TSR
ACCELERATED_CQI,UH_N_ TEST REQUEST

X1* ACT SIMULATION CONDITIONS:

1. Sample Pre-Treatraent Required

2. Can this ACT be «inimum Carbon

is Acceptable

3- What is the Specific Treatment or Monitoring Objec t i ve (S )
_3_<>

4.

5.
6.
7.

6.
9.

10.
H.

Adsorber Mode
Adsorber Size
Carbon Type J-. ~2?
Flow Rate ——

Empty Bed Contact Time (EBCT)
Temperature 3 J

P"
Special Sampling, Monitoring or Simulation Requirements

0** .
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I

CAU3ON

CALQON CARBON CORPORATION
- 0 . 8 0 X 7 , 7 .

CAUQN REACTIVATED CARBONlYPicai pggppRj
251

IODINE NUMBER
ASH, HT, x
A«D,, 6/CC

SIZE NOMENCLATURE
PARTICLE SIZE

U.S .

9
.60

8 X H

o>£>o
COoo

«•
*
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STOCK
BACKWASH SYSTEM

CMC MKHT m*A OF
MK VOMM0
tMTMWMCMMMT.

war C00KT iBjo. or •*«•}.
(MT VOUIMt «MHT

OEAWANCE HTL.NE - 2 -
STOCK
*25#

ON BACKWASH

STOCK DESIGN MODEL 10
8ACKWSHADSORPTION SYSTEM

0 0 8 0 6 1
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STOCK

STOCK
BACKWASH SYSTEM

MODEL 7.5

CftCMtANCKKKT. .
f*UC MBCM? CFUU. OF (MHOIX f £*CH

jjfettV OKttAMC KUHT, $ CACN
™»

BftV .
KHMT JftJU. tf m*VBl

VAGI**

n

«•"•« P»C «g r«•"•»"•* «»_ ct-*cs>»n

___7.5
BASEMAX

MOTHMAX HT
CLEARANCE HT UNE

0 0 8 0 6 2

M3E: SUSKM tS A UMUUED ASSCMBtV AW
HAY SE 9*VCb FAQU CALOQM C/JMMIIOHHKAMM MH

STOCK
« 7S*BACKWASH

} *• «im *»
•"•jgn*^iiS »r»» "^^fa^3i*5.«rS£S

STOCK D£S(GN MODa 7575# BACKWASH
ADSORPriQN SrSTEW
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CALGCW CARBON COMORATXOtf
KOBIU-PAC ADSORPTION SWWIC8

I
I
I
I
I

calgon Carbon Corporation's MobiX«-Pac Adsorption Service is provided to offer users Of smal lanounts of granular activated carbon the convenience of both having an easy-to-use adsorberand th« capability to return the spent carbon for safe disposition.
THB MOBIL8-PAC ADSORBBt
The Adsorber is a non-pressure tank, constructed of type 316 stainless steel and EPR gaske t s .The Adsorber is •designed to contain 2,000 Ibs. of a selected grade of Calgon Carbon'sgranular activated carbon (GAG) .
The Adsorber, weighing 7,500 Ibs. in operation, can be transported via for lift and set on a
level area for operation. Karalock hose connections <2" ) are used to connect influent and
effluent supply. The untreated vater enters the top of th* unit, flows dovn through the GAC
collected by a screened outlet and exits the coned section* Sample taps are provided on theinfluent and effluent. The system pressure drop is shown on the curve below. The properflow is determined by the desired contact tine (30 gpa • 15 ainutes contact t iae) . ^Moblle-Pac units can be arranged in parallel or series, if desired. ^Q

OThe Adsorbers are not to be operated above 15 psig, and a rupture disk is included to assut£,that this pressure is not axceeoed-
THE ADSORPTION SERVICE O

The user of the adsorption service has the convenience of using the Kobile-Pac Adsorber Cor
efitnent, and then using the unit as a shipment container to return the spent carbon tocalgon Carbon.

If the spent GAC has been tested and Approved by Calgon Carbon, the Kobile-Pac can be
returned to Calgon Carbon* Upon return, the spent GAC will be removed by Calgon Carbon and
thermally regenerated before any further disposition, tf additional treatment is sti l lrequirttde the spent Hobile~Pac can be replaced with a fresh Hobile-Pac, with the simple hose.connections util ized to switch units . The spent Mobile-Pas is drained of free vater and
returned to Calgon Carbon.
ADDITIONAL INFORMATION
Contact your Calgon Carbon Technical Sales Representative for aore information on theHobil«-Pac Adsorption Seirvic*.

I

II

s

t&O

10

24-

ADSORBED
WITH 2000* P-

10 20 30 40
.QMS/MINUTE

SO 60
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jn^naceoKtsrac

MATERIALS:

CAPACITY:

PLAN PRESSURE RATING:

AU PROCESS CONTACT MATERIALS ARE
3t6 STAINLESS STEEL WITH EPR
CASKETS AND SEALS.
OTHER PARTS ARE 304 STAINLESS STEEL.

CONTAINS 2000 tbs (DRY 8AS1S)
GRANULAR ACTIVATED CARSON
MAY PROCESS 60 qpm WITH A

6 psig PRESSURE ORQP.

00 NOT EXCEED S5
RUPTURE DISK PROTECTED.
00 NOT EXCEED 200T1

00 NOT USE FOR VACUUM SERVICE

b

ir WEIGHTS:
EMPTYFILLED DRY 1035 §

303b #

"PiHM

4£&L

mar

U>— * ———

em**

XM^

«A.

r-fr-tyr^2r-^""fSTRES*— t
F"-s" ,

RON

ri
i

^

'

•*••WTOfAl 0•wi.. î̂
•K

^-ppocEss ouitcr"^ j^ULEKAULW.
W»4 Ctf»nv
(»*' *

&. DRAINED 5035 g
OPERATING 7400 #
MAX RETURN
SHIPPING 5600 t

CONNECTIONS:
INLET 2" QUICK CONNECT
VENT 2" QUICK CONNECT
TREATED WATER 2" QUICK CONNECT
INLET SAMPLE 1/2" FNPT
TREATED WATER

SAMPLE S/2" FNPT

rwwt'ct
$Ctt£ 1/1" - I'-O- tjtlir^ "̂ ^H,6«*«« HE ®£ CALOON JMy
OAR 1-1-M *̂'« .̂||||| i-T-^^

A«Wto *o «» nr wrrs»«o.̂ » iiiw-nmi

fiAMir
nnMOfilLE - PAC AOSOR6ER

GENERAL ARRANGEMENT
O«CMO »tv

90-88-166? ?

0 0 8 0 6 4
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APPENDIX 10
SOIL WASHING SCREENING RUN RESULTSAREA A-04 SOIL SAMPIFS

SURFACE SAMPLE (T0018A) AND SUB^ACE SAMPLE (T0018B)
in
vO
o
COoo

I

I

I

I
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III TABLE I SUMMARY

RSLTIIIII

* MOISTURE
880 10 1 17
Q8O10 1 1 S
88010 1 19
88010120
88010121
88010122
88010123
S8O10124
OIL &

„.
SOURCE

830101 18
880101 19
Q8O10120
88010121
88010122
88010123
88010124

880101 18
Q8010i20
88010121
88010122

iI
-«.«

X

35

So l i d s
Sol ids
So l i d s
So l i d s
Sol i d s
So l i d s
So l i d s

S103
«103
«103
3103

Oi l
Oi l
O i l
O i l
Oi l
Oi l
Oi l
Oil

C.
C.
C.
C.
C.
C.
C.
C. .

81. o
8 1 . 6
82. 3
86. 8
80. 8
81. 2

mg/Kg
mg/Kg

ma/Kg

1
M*C1
M*C1 £
MeCl Ex

1030
967

1073
48300
<30. 0
<30. 0

100
8010
2690
2370
2270
70900
130.-;;;•

.„

T0018/A #3T0018/A *4T0018/A RAW
T0018/S #1
T001S/B #2
T0018/B #3
TOO IS/'. RAW
TOOIS/A *i
T0018/A #3
TOOIS/A #4
T0018/A RAW
TOO18/B * l
T0018/B #2
T0018/B #3
T0018/B RAW
TQ018/A *1
T0018/A #3
T0018/A tt4
TOOIS/A RAW
TQ01S/B *l
T0018/B #2
TQ018/B #3
TQ018/B RAW

MD

CD
O
O

II
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KEYSTONE ENVIRONMENTAL RESOURCES* INC

TABLE OF CONTENTS PRODUCED ON 0 1/2 1/38 AT 1 6 : 3 3 PAGE

SAMPLE SOURCE DESCRIPT DATE-COL DATE-REC ORD *
880101 17
880101 18
88O1O1 19
88010120
88010121
88O1O122
88010123
88010124

T0018/A
T0018/A
T0018/A
TOQ18/A
T0018/B
TQQ18/B
TQ018/B
T0018/B

»1
*3
*4
RAN
ttl
*2*s
RAW

TREATABILITY
TREATABILITY
TREATABILITY
TREATABILITY
TREATABILITY
TREATABILITY
TREATABILITY
TREATABILITY

STUDY
STUDY
STUDY
STUDY
STUDY
STUDY
STUDY
STUDY

O l/
Ol/
Ol/
Ol/
Ol/
Ol/
Ol/
Ol/

1
1
I
1
1
1
1
1

1/88
1/88
1/88i/as
1/88
1/88
1/83
1/88

0 1 >
O l/
Ol/
O l /
O l /
0 1 >
01 ,
01 ,

' 1' 1'1'i'i'i'ia

1/88
1/88
1/88
1/88
1/88
1/88
1/88
1/88

M8801040
M8801040
M8801040
MQ801040
M8801040
MS801040
M88O1040
M8801040

o
COoo

IIII
I

I
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APPENDIX 11
SOIL WASHING FINAL RUN RESULTSAREA A-04 SOIL SAMPLES

SURFACE SAMPLE (T0018A) AND SUBSURFACE SAMPLE (T0018B)
CO\oo
COoo

#

J
^3
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M««m-!;]!fTaNe ENVIRQNMENTAL RESOURCES. INC,

t±Li^fS^.21^!^!!CAL °ATA >"«W«D ON 02/23/88 AT «PAGE

iAMPLE RSLT LNE
» MOISTURE§8020187 X So l i d * 8103 C - QA A

8020188 X So l i d * «103 C . . . . . • 830
OIL & GREASE, TOTAL RECOVERABLE, GRAVIMETRIC«'8020187 Oil & Gr*«», m g / K g . . . . . . 30000
8020188 Oil * Gr«**., mg/Kg. , .
ETHYLENE CHLORIDE EXTRACTASLES

^8020187 M«C1 Ei t tr * c t *b l e5, mg/Kg
• 8020188 M.C1 Extrac t * * U», mg/Kg

70100
18 10

iht abov« resu l t * art on an a* rtct iv.d ba i l * .

IIII
II

SOURCE

T0018/A-RAW-F
TOOlS/A-CL-f
T0018/A-RAW-F
TOQ18/A-CL-F. . . - • " - .:?-'rr?-:TSS*1fl£3?':«-V— -

T0018/A-RAW-F
TOOIS/A-CU-F

o
COoo

i
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KEYSTONE ENVIRONMENTAL RESOURCES, INC

TABLE 2: SUMMARY OF PAH DATA"»»**»««««„„„__„_„_

Pig.-

Sample : 88020187
Oat * Co l l e c t e d
Date Rece ived :

Date Extrac ted
Oat* Ana l y z e d

02/03/80
02/03/8J3

02/09/88
02/17/88

I
I
I

Th.

Source : T0018/A-RAW-F
~- r i p t i on : TREATABILITY STUDY

Clean up Method
s i l i ca gel c lean-up i/ uesf lor i s i l c lean-up __yes ̂
alumina c lean-up —t_yes, ia . ,« clean-up __..ye*

.no

.no
no

Polgnuc l ear Aromat ic Hgdrocarbon *
A c e n a p h t h e n e . . . . . . . . . . : 670000
Acenaphthy l ene . . . . . . . . : INTERFERENCEA n t h r a c e n e . . . . . • 18400

16200. . . . . . . . . 120009«n i o < b > f l u a r j n t h ena . . 22900
i)paryUn«. . 18000uoranthent. . 6780
. . . . . . . . . . . . 18900Diben j < ah )an thr » --«- 36600

49300
. . . . . . . 36700Ind »no< 123-cd)rt » *-—- 1700O

37700
INTERFERENCE

bAWU*.

,c Co
8400
INTERFERENCE

PMMlt,

COco
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KEYSTONE ENVIRONMENTAL RESOURCES. INC

TABLE 2: SUMMARY QP PAH DATA

63020188
Date
Date Co l l e c t e d :

Re c e i v e d :

Date Ex t ra c t ed
Oat* Ana l y z e d :

02/03/88
02/05/88

02/09/88
02/18/88

- 2

Source : T0018/A-CL-F
De s c r i p t i o n : TREATABILITY STUDY

Hetho_d _
s i l i ca gel c lean-gp
f lor i s i l c lean-up
alumina c lean-up
sulfur c lean-up .yes

.yes

. ' 10
Nno.no
no

I
I
I

Polynuc lear Aromat ic Hydrocarbon!
o
CO

I
l
I
I
I
I
I

v—*'Acenaphthene. . . . . . . . . . 100OOO ^
Acenaphthy lene . . . . . . . . 14600Anthracen* . . . . . . . . . . . . 98900
B«neo <a )anthraceng . . . . 36400
B*n zo ( a ) p y r e n e . . . . . . . . 8740
Btnzo < b ) f l u o r a n t h e n e . . 19900
Be n z o < g , h , i ) p e r g l e n c . . 9980
B«n so < k ) f l u o r a n t h e n * . . 6080
C h r y s e n e . . . . . . . . . . . . . . 42100
D ib e n z < « h ) a n t h r a c e n e . . 6990
Fluoranthene . . . . . . . . . 122000
? l u o r « n « . . . . . . . . . . . . . . 68300
I nd eno < 123-cd ) py r e n e . . 4820
Phen*nthren* . . . . . . . . . . 219000
P y r * n * . . . . . . . . . . . . . . . . 91300
•O ••••^ * M «t •B«to ̂ •*•> ̂  —— ••*••» ff^t,m ̂  « —— dB «> Ml M .•«» „«> .M •* —— ̂_ ̂^» —>.• «tt

Other Po lynucXear Aromatic Compound * te s ted :Carbazol * . . . . . . . . . . . . . : <1000
Naphthalene. . . . . . . . . . . : 127000

Th* above results are reported in
All PAH ident if icat ion* art f*offl retent ion Jji£* Q îL
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KEYSTONE ENVIRONMENTAL RESOURCES* INC

'ABLE 1 SUMMARY OF ANALYTICAL DATA

AMPLE # RSLT LNE

PRODUCED ON 02/24/88 AT 1 4 : 3 1 PAGE

MOISTURE
18020276 * So l i d s 4103 C.
JS020277 X Sol ids «103 C,
HL b GREASE. TOTAL RECOVERABLE. GRAVIMETRIC

5570
53. 3

O i l I * Gr«as»i mg/Kg . . . .

IJ8020277 Oil Se Greas«, mg/Kg . , . . .
IETHYLENE CHLORIDE EXTRACTABLES

38020276 MtCl Exf c r a c t ab l » s , mg/Kg
—18020277 MeCl Ez t r a c t a b l e s * mg/Kg

36. 4
78. 4

7180
<50. 0

SOURCE

TOOIS/S/RAW-F
T0018/B/CL-F
T0018/B/RAW-F
T0018/B/CL-F
T0018/B/RAW-F
T0018/B/CL-F CM

Ih« abovff re su l t s are on an as r«ceivtd bas i s
O
00oo

8
I

I
I

I
I
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KEYSTONE ENVIRONMENTAL RESOURCES. INC
Page - 1

TABLE 2 SUMMARY OF PAH DATA

Samp le 88020276
Oat* Co lU c t a d
Data Re c e i v e d :

Date Ex t r a c t e d :
Date An a l y z e d :

02/09/88
02/09/88

02/10/88
02/19/88

Sou r c e : T0018/B/RAW-F
De s c r i p t i o n : TREATABILXTY STUDY

Clean up Method
s i l i ca gel clean-up_i/_yes __no
flor 14 i l c lean-up __yes __no
alumina clean-up __yes __no
sul Pur clean-up __yes __no

I
Polynuc lear Aromat ic Hydrocarbon*

r-
o
COoo

iiii

Acenaph thene . . . . . . . . .
Acenaph thy l ene . . . . . . . .
Anthracene . . . . . . . . . . . .
Be n z o ( a ) « n t h r a c e n e . . . .
Benzo ( a ) py , r e n e . . . . . . .
Ben z o ( b > f l u o r a n t h e n e . .
Be n z o ( g . h i i ) p«ry l ene . .
Benzodt > * l uoran thene . .
Chrysene . . . . . . . . . . . . . .
Dib e n x < a h > a n t h r a c e n e . .
Fluoranthtne. . . . . . . . . .
F l u o r e n e . . . . . . . . . . . . . .
I ndeno < 123-cd >pyr«ne . .P h e n a n t h r e n e . . . . . . . . . .
P y r e n e . . . . . . . . . . . . . . . .

797000
142000
260000
212000
69300
93000
67400
37100
206000
102000
632000
4870OO
38700
1470000
967000

ii Other Polynuc lear Aromatic Compound* tested
C a r b a z o l a . . . . . . . . . . . . . : 8040
N*f»hthaUn«. . . . . . . . . . . : 1630000

ii
The above results are reported in
The above results are on an as rece ived bas is .
All PAH ident i f i cat ions *r* from retent ion data on ly .
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KEYSTONE ENVIRONMENTAL RESOURCES. INC
Pagt- 2

TABLE 2: SUMMARY OF PAH DATA

Samp l e Q802Q277
Oat * C o l l e c t e d :
Oat« Re c e i v e d :

Data Ex t r a c t e d
Date An a l y z e d :

02/09/88
02/09/88

02/10/89
02/20/88

Sour c e :
De s c r x p TOQ18/B/CL-F

t i on : TREATA0IUITY STUDY

Cltfln u p Method - - - .
s i l i ca ge l c lean-up
f lor i s i l c lean-up
alumina clean-up
sulfur clean-up

ye *
yes
tyesyes

.no

.no

.no
no

Polynuc lear Aromat ic Hydrocarbon *

o
00oo

A e e n a p h t h e n e . . . . . . . . .Acanaph thy l en t . . . . . . .
A n t h r a c e n e . . . . . . . . . . .
Benzo ( a ) a n t h r a c e n e . . .
Sen z o < a ) p y r e n e . . . . . . .
Ben z o ( b ) f 1 u o r a n t h t n o .
B e n z o < g > h t Dperg l e n e .
Benzo < k ) f l u o r an t h e n e .
Chrysene . . . . . . . . . . . . .
Dib * n z < a h ) a n t h r a c e n e .
F l u o r a n t h e n e . . . . . . . . .
Fluortn* . . . . . . . . . . . . .
I ndeno ( I23~cdJpyrene .
Ph«nanthrene. . . . . . . . .Pyrent. . . . . . . . . . . . . . .

1380
212
722
791
222
559
247
133
764
341
2470
1070
170
3270
1980

Other Polynuclear Aromatic Compound* tes ted
C a r b a z o l * . . . . . . . . . . . . . : 6 7 . 9
Naphthalene . . . . . . . . . . . : 1370

The above resu l t * art reported in ug/Kg.
The above resu l t * are on an a* rece ived bas i s .
All PAH Ident i f i cat ion * are from retent ion data only .
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APPENDIX U

IN SITU SOIL BIORECLAMATION
SOIL COLUMN STUDY RESULTS
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APPENDIX 12

I SOIL COLUMN INFLUENT GROUNDWATER RESULTS
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I
KEYSTONE ENVIRONMENTAL RESOURCES. INC.

TABLE OF CONTENTS PRODUCED ON 01/38/98 AT 1 1 : 5 2 PAGEI SAMPLE * SOURCE
—r, —— ̂ ^ -^ ̂ ^ ̂ » ^m *m+m^* ^W^^MMV^B^ ̂ »4^<

88010127 COL. INF
DESCRJPT DATE-COL DATE-REC ORD *
^^^*^*^"^^*^*^"^fc^*^***^"^"^**^^"^IB^"*^ •^^•^^^•^••^•^^M ^^m^m^m^mmm^**a -—-^^^—j_

TREATA8ILITY STUDY 01/ 1 1/88 0 1/ 1 1 /88 M88plQ4g

i

i

i

r--o
CO
oo

i
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IIII
...----^I^-^^^^f^^1*•ssrisLs^i^™ ««»««^Tzrir»t 33 PACE

SAMPLE * RSLT. LNE

( BIOCHEMICAL GXYOEN DEMAND
88010127 BOD* *g/L.
CHEMICAL OXYGEN DEMAND <TOTAL)

1 88010127 COD (Tota l ) , m*/L
OIL & GREASE, TOTAL88010127 Oil t

PHENOLIC <AS• 88010127 Phvnol . «9/L
• TOTAL KJELDAHL NITROGEN86010127 TKN «« N.
m TOTAL ORGANIC CARBON
• 88010127 TOC, «g/i..

TOTAL PHOSPHATE
1 88010127 Total P04, «g/LPH

88010127 pHi unitsii
ii

42.0
240

GRAVIMETRIC20.8
PHENOL)

3. 70
8.80
56. 7
6. 99

7 . 9

SOURCE

COL. INF
COL. INF
COL. INF
COL. INF
COL. INF
COL. INF
COL. INF
COL. INF

CO
r*-o
(X)oo

IIII
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I
1 1 ————•«——««„„„

I TABLE 2: SUMMARY OF METALS DATA
• - ——— . ——— "————"——————««.«„„„
1 "SAWLE « RSLT. LNE
I • ANTIMONY ———————————
1 188010127 Antimong, u s/L - ̂  «I ARSENIC 8 ' ' ' <*0. 0
1 I^RYLL?^ Ar"" iC- u » " - . . . . . . . : 1 J ! 7• H OtNYULIUfl *«• /

Lc^7 •"'»""• " » " - . . . . . : 0.00
'S^S; C————— -'«..-. . . : <3-008ao,o.27 ch.0. io.. U 9 / L . . . . . . : < 1 0 o
•88010J27 Cop? .r , U8/L .1 LEAD • • - . . . ^3 . Q
•aaoioia? tt.d, O S/L . „ M|rt6RCO«V > « - • • - . . . . . . . : 0. 00
Jf?K^a7 MtreUrg< U »/L- = <0.800i ••^ivncw »»*« BVW
§38010127 Nick. l . ug/L . ,-A AI "SELENIUM * ... . <4o. o

88010U7 S.uniufl. U 9 / L . . . ; <9oo

•88010127 Silv.r. ug/L . .,„ „TH.MJLIUH ' • • • • • • • <10. 0
188010127 Th.Ulu., u , / L . . . . . . : <10. 0•V&£P^U »«w. v

88010127 Zinc, ug/L. . . . . . < s a n

1
* • ' * • • • • • • - <.2O. 0

I
ll

-~ . . — • , . . - . . „ . . . ,- - , . . . *.,*,—, ^-^— -,*..,,. . ̂ -_*^

lI

«•- "eauuRCES. INC
'"""•"•-•••«».«..iMMw

!22SJ12ii2'«",1:84 PAGE""**"»"-* =«»**==
SOURCE

COL. INF
COL. INF
COL. INF O
COL. INF r-

O
COL. INF ex)
COL. INF ^
COL. INF
COL. INF '
COL. INF
COL. INF
COL. INF
COL. INF
COL. INF

. — ,

---
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KEYSTONE ENVIRONMENTAL RESOURCES, INC

TABLE 3: SUMMARY OF PAH DATA

Sample: 88010127
Date Col l e c t ed
Date Rect ived :

Date EatractedDate Ana lyzed :

01/11/88
01/ 1 1/88

01/12/88
01/14/88

Source: COL. INF
Descr ipt ion; TREATABILITY STUDY

Clean up Mathod
• i l ica fltl clean-up_u/.ges
Morit i l clean-up __,ye«4lu«in« clt«n-up _*ulfgr clean-up

no
.no
no

Pol«nuclt«r Aromatic Hydrocarbon*

O
CO
O
CO
O
O

Acenaphthene. . . . . . . . . .
Acenaphthylene. . . . . . . .
Anthracene. . . . . . . . . . . .
Benzo<a >ant : traceno. . . .Benio(a)purene . . . . . . . .Benzo(b)f luoranthona. .Benzo<g« hi i)pery lene. .8enio<k)f luoranthena. .
Chryaene. . . . . . . . . . . . . .Dibenx<ah)anthracane. .FluoF«ntfeene. . . . . . . . . .Fluorena. . . . . . . . . . . . . .Xndano<t23-cd)pvrane. .Phenanthrene. . . . . . . . . .
Pyrene. . . . . . . . . . . . . . .

"943
17S
in 4
13. 1
1 hA
2. 90
1 .62
1.03
10. 8
1.63
0*? 4
189
0.766
Zee
M e

2700

Tht abova rttult* ara raported in o8/L .
Ail PAH identification, „. ,roa r.t.nt4oi|
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• KEYSTONE ENVIRONMENTAL RESOURCES. INC.

TABLE OF CONTENTS PRODUCED ON 03/29/88 AT U 03 PAGEaxxs«»3aa:3xa*aa««BasiMx<»n:»a*.,.»,.-»-!;»»..———— ______ _ * * uj r«l*tII DATE-COL DATE-REG ORD *
98030074 COL. INF^FINAL) TREATABILITY STUDY 03/0388 03/03a8

I
I
I
I
I
I
I
I
I
I
I

CD
O
CD
O
O ;
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I
I i«n3aa*a

SAMPLE * RSLT. LNE
ON 03/29/88 AT

SOURCE

240

iiiiiiiiiii

_ _- » mg/L
TOTAL KJELDAHL NITROGEN
38030074 TKN *« NJ
TOTAL ORGANIC CARBON
88030074 TOCi mg/L.
TOTAL PHOSPHATE

38030074 pH, unit» .

lI

3. 47
7. 33
52. 6
6. 10

COL . INF (F INAL )
COL. INF(FINAL)
COL . INF (F INAL )
COL. INF(FINAL)
COL. INF (F INAL)
COL. INF(F INAL)
COL. INF(FINAL)
COL. INF <F INAL)

00
O

O
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II-ABLE 2 SUMMARY OF METALS DATAaai*at**"1BJ"™*a«««»»M»»»»..__—"**»»»»»»
SAMPLE # RSLT. LNE

Ant
1

ANTIMONY
38030074

HIERYLLIUM
•38030074

CADMIUM
I J8030074

CHROMIUM
88030074

|

:OPPER
38030074 Cop par
uEAD
38030074_

• 1ERCURY
"38030O74

NICKEL
• 38030074
•SELENIUM

38030O74
SILVER
J8030074
THALLIUM
18030074
38030074

•:INC

IIII

ug/L.
ug/L. . . .

Cadmium/ ug/L. . . . . . .
Chromium* ug/L. . . . . .

ug/L. . . . . . .
Lead* ug/L. . . . . . . . . .
Mercury. ug/L. . . . . . .
Ni c k e l * ug/L. . . . . . . .
Selen ium* ug/L. . . . .
Si lver/ u g / L . . . . . . . .
Thal l ium* ug/L. . . . . .
Zinc . ug/L. . . . . . . . . .

<60. 0
C3. 00
<3. 00
<10. 0
<23. 0
O. 00
<0. 200
<40. 0
<5. 00

>. 0
> - 0

<20. 0

1 1 04 PAGE
Ba =»a = a:

SOURCE

COL. INF(FINAL)
COL. INF(FJNAL)
CQL- 'NFfFlML*
COL. INF(FINAL)
CQL. INF(FINAU

COL. INF<FINAL>
COL. INF(FINAL)
CQL. INF(FINAL)
COL. INF(FINAL)
CQL. INF(FINAL)
COL. INF(FINAL)
COL. INF(F INAL)

CO
O
COoo

ii
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IIIII

KEYSTONE ENVIRONMENTAL RESOURCES. INC

TABLE 3: SUMMARY QF PAH DATA

Samp It: 88030074
Date Co l l e c t e d : 03/03/88
Datt R*c * i v«d : 03/03/88

Date E i t rac t .d : 03/09/88
Date Ana l y z e d : 03/19/88

Source : COL. INF<FINAL>
Des c r i p t i o n : TREATABILITY STUDY

Clean up Method
s i l i ca gel clean-up,
f l o r i s i 1 clean-upalumina clean-up
sulfur clean-up

.no
J1Q.ye*

.yes

I
IlIIIll

Polynuc lear Aromatic Hydrocarbon *
Acenaph t h f f n e . . . . . . . . . 1 4 6
Acenaphthyl«ne. . . . . . . . 87. 8
A n t h r a c e n e . . . . . . . . . . . . 8. 97
Benzo (a )an th racene . . . . 4. 60
Btnzo < a ) p i j r e n * . . . . . . . . 0 . 84 1
Benzofb ) f l uo ran thene . . 1. 32
Be n z o ( g < h,i Jperg l ene . . 0. 630
Benzo ( h ) f l u o ran t h e n e . . 0. 483
C h r y s e n e . . . . . . . . . . . . . . 3. 34
Oibenz ( ah > an t h ra c en e . . 1 . 20
Fluoranthene. . . . . . . . . . 23 . 3
F l u o r i n e . . . . . . . . . . . . . 93 9
Xndtno * 123-cd >pyr«n » . . 0. 399
P h e n a n t h r e n e . . . . . . . . . . 76. 9
P y r e n e . . . . . . . . . . . . . . . . 20. 6

Other Polynuclear Aromatic Compounds testedCarbaiole . . . . . . . . . . . . ; 28. 1
N a p h t h a l e n e . . . . . . . . . . . : 739

The above result * are reported in ug/L .
All PAH id from retention dat,*

COo
COoo

II
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APPENDIX 12

SOIL COLUMN EFFLUENT WATER RESULTS
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CO
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CO
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O

IIII
I
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III KEYSTONE ENVIRONMENTAL RESOURCES, INC

TABLE OF CONTENTS
5a assist as PRODUCED ON 02/02/88 AT 08:29 PAGE

I
I

SAMPLE *
88010339
38010360
88010361

SOURCE DESCRIPT
AERO COL 3 EFF TREATABILITY STUDY
ANAERO COL 2 EF TREATABILITY STUDY
CONT COL 1 EFF TREATABtLITY STUDY

DATE-COL DATE-REC ORD #
^^^ ***™*^***^^^ — | n, rm im m. -. ̂  j-

01/21/88 01/21/88 H8801100
01/21/88 01/2 1/88 M8801100
01/21/88 Ql/?l/efl MQ80UOO

iiiii

NO
COo
00oo

I
I
i

008086



I
• KEYSTONE ENVIRONMENTAL RESOURCES. INC.
• mmmmmmmmmmmmmmm*mmmmmmmmmmmm*mmmmmmmmmmmmmm*mmmmmm

ITABLE t. SUMMARY OF ANALYTICAL DATA PRODUCED ON 02/02/88 AT 08 30 PAGE
a*aa»*a*a»si=a33»aa«!«»aas«»aiaan3*a='3sasssiajaB3i sssasasMaBtaassaaM-a-s ?»«*.-. ̂-,-__.___

SAMPLE * RSLT LNE SOURCE

ITOTAL RECOVERABLE PHENOLICS (AS
98010339 Phtno l . mg/L. . . . . . , _ .
88010360 Ph«nol, mg/L . . . . . . . .
88010361 Phtno l , mg/L. . . . . . . .
TOTAL ORGANIC CARBON
98010339 TQC, mg/L. . . . . . . . . . .
8010360 TQC, mg/L. . . . . . . . . . .

88010361 TQC. mg/L. . . . . . . . . . .
•TOTAL PHOSPHATE
898010339 Total P04, mg/L. . . .

88010360 Tota l P04. mg/L. . . . .
•96010361 Tota l P04. mg/L. . . . .
•3RTHOPHOSPHATE
T38010339 Pho s p h a t « < o ) a *P ,

33010360 Ph o i p h a t t < o ) a *P ,
•3Q010361 Ph o * p h a t » < o ) a »P ,

mg/L
mg/L

PHENOL)
2. 32
2. 12
3. 34
35. 2
64. 4
33. 1
1. 69
0. 330

<0. 100
1. 37
0. 390

<0. 100

III
I

AERO COL 3 EFF
ANAERO COL 2 EF
CQNT CQL 1 EFF
AERO CQL 3 EFF
ANAERO COL 2 EF
CQNT CQL 1 EFF
AERO CQL 3 EFF
ANAERO COL 2 EF
CONT COL 1 EFF
AERO COL 3 EKF
ANAERO CQL 2 EF
CONT CQL 1 EFF

h-
coo
00oo

IIII
008087



IIIII

KEYSTONE ENVIRONMENTAL. RESOURCES, INC
Page - t

TABLE 2: SUMMARY OF PAH CATA

Samp It : 88010339

i
Date Co l l e c t e d
Date Re c e i v e d :

Date Ex t r a c t e d
Date Ana l y z e d :

01/21/88
01/2 1/88

01/23/88
01/27/88

Sou r c e : AERQ COL 3 EFF
De s c r i p t i o n : TREATABILITY STUDY

Clean up Method
s i l i ca gel clean-i
Mor i s i l c lean-up
alumina clean-upsulfur clean-up

iii
Polynuc l ear Aromatic Hydrocarbons
Acenaphthene . . .
Acenaphtfcy l ene . .Anthracene . . .
Benzo (a ) cn thr«cene .Be n z e ( a ) p y r e n e . . . . . .
B en zo < b ) f l u o r * n t h e n e ' '.Ben z o ( g i h, i )perg l ene . .
Btnzo <bmgoranthene . .Chryaene . . . . . .
D ibenz <ah )«nthraeene . .Fluoranthene. . .Fluorene. . . . . . .
Ind»noU23-cd)pyren* . .Phen««thrane. . . .Pgrenw, . . . . . . . .

A*4 1
6 S7
1 ̂  a
8 30
3. 97
6. 18
4. 33
2. 28

• ^«
6. 10
31. 3
A3 A^«s. ft
»:, 94
9*9 O
44. 0

i Other Polgnuc lear Aromatic Compounds testedc a r o a z o l f c , . . . . . . . . . . . . ; <g QQNaphthal»n«. . . . . . . . "

The above results are reported in ug/L .
All PAH ident if icat ions *r. f^om retent ion data only.i

«*
CD
CO
O
CO
O
O
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IIII
KEYSTONE ENVIRONMENTAL RESOURCES. INC

Page- 2
TABLE 2: SUMMARY OF PAH DATA

Samp l e ; 88010360

Date Co l l e c t e d :
Rec e i v e d :

Date Ex t r a c t e d
Date Ana l y z e d :

01/2 1/88
01/2 1/88

01/23/88
01/27/88

Source : ANAERQ COL 2 EF
Des c r i p t i o n : TREATABILJTY STUDY

ii

Clean up Method
s i l i ca gel c lean-upf l o r i s iX clean-up
alumina c lean-up
sulfur c lean-up

.ye*j jes.yes
no
no CO

O
CO
O
O

Polynuc l car Aromatic Hydrocarbons

i

Acenaphthene . . . . . . . .
Acenaph thy l e n e . . . . . .Anthracene . . . . . . . . . . .
Benzo < a ) a n t h r a c e n e . . .
8en z o < a > p y r e n e . . . . . . .
8 e n z o < b ) f luoranthene.
B e n z o l g, h, i )pcrgl*n«.
B« n z o ( k ) f luoranth«na.Chrysen t . . . . . . . . . . . . .
Oib«nz(ah)anthrac »ne .riuoranthtne. . . . . . . . .
Fluoi-tnt. . . . . . . . . . . . .
I nd »no < 123-cd )pyr*n«.
Pyrtne.

44. 0
20. 0
3. 91
0. 653
O. 116
0. 168
<0. 030
0. 069
0. 345
<0. 030
7.24
22. 1
<0. 030
32. 4
4. 76

IiI
Other Polynuc lear Aromatic Compound* testedC a r b a z o l e . . . . . . . . . . . . . : 21 . 4Naphthalene. . . . . . . . . . . : 24. 0

The above result * are reportsd in ug/L .
All PAH ident if i cat ions are from retent ion data only.
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KEYSTONE ENVIRONMENTAL RESOURCES, INC
Page- 3

TABLE 2: SUMMARY OF PAH DATA

Sample : 860lQ_36i
Date
Date

Co l l e c t e d .
Re c e i v e d :

Date Ex t r a c t e d
Date An a l y z e d :

0 1/2 1/88
01/21/88

01/29/88
01/27/88

Source : CQNT COL 1 EFF
Des c r i p t i o n : TREATABILITY SI 'JOY

Clean up Method
s i l i ca gel c lean-upf lor ia i l clean-up
alumina c lean-up

clean-up

uti
get

hges no
O
00
O
O

Polgnuc l ear Aromat ic Hydrocarbon*iiiii

Acenaphthene . . . . . . . . . .
Ac e n a p h t h g l e n e . . . . . . . .
A n t h r a c e n e . . . . . . . . . . . .
Be n z o < * ) a n t h r a c e n e . . . .
B e n z o < a ) p g r e n e . . . . . . . .
Ben z o ( b ) f l u o r a n t h e n e . .
Ba n z o ( g . h, i)perglen*..
Ben io < k >Muor^nth tne . .
C h r g * e n e . . . . . . . . . . . . . .
D i b e n z < a h ) a n t h r a c » n « . .
F l u o r a n t h t n t . . . . . . . . . .
F l u o r e n e . . . . . . . . . . . . . .I ndeno( 123-cd
Phtnanthrene.
P g r e n e . . . . . . . .

40. 3
31. 3
2 .68
0. 401
0. OS'/
0. 096<o. oso
0. 049
0. 319
<0. 030
4 .3 1
17. S
<0, 090
22 .6
3. 10

iiii

Other Polgnuc iear Aromat i c CompoundB testedC a r b a z o l e . . . . . . . . . . . . . : 10. 7
N a p h t h a l e n e . . . . . . . . . . . : 742

The above results are reported in ug/L
All PAH ident if i cat ions are *rom retent ion data only.
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KEYSTONE ENVIRONMENTAL RESOURCES. INC.

TABLE OF CONTENTS PRODUCED ON 02/19/88 AT 1 1 : 4 9 PAGE

SAMPLE * SOURCE DESCRIPT DATE-COL DATE-REC ORD *
S8020O86
38020087
38020088

ANAER. COL. 2 EFF TREATADILITY STUDY
AERO COL 3 EFF TREATABILITY STUDY
CONT .COL . 1 EFF TREATABILITY STUDY

02/04/88 02/04/88 M8802013
02/04/88 02/04/88 M88020I3
02/04/88 02/04/88 118802015

I
I
I
I
I
I
I
I
I
I
I
I

o
00oo

I
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IIIIIIIIIIIIIIIII

"^SOURCES. INC.

TABLE 1: SUMMARY OF ANALYTICAL DATA

SAMPLE # RSLT. LNE
*™ ̂  ̂ " ** ** ** *^ ̂ * «™ ^ ̂  W ̂v ̂* 4H ̂  .^ t^ ̂ ^

TOTAL RECOVERABLE PHENOLICs'^ArPh^nor)
88020086 Pheno l , mg/L 1 Si
88020087 Ph.no l , mg/L '
88020088 Ph e n o l/
ORTHO

SOURCE

mg/LPHOSPHATE
88020086 Ph o s p h a t t < o > a sP , mg/L
88020087 Pha sph« t « ( o ) a sP (mg/L
88020088 Pho » p h » t t ( o ) » sP , mg/L
TOTAL ORGANIC CARBON
88020086
88020087
88020088
PH
88020086
88020087
88020088

TOC
TOC,
TOC,
pH,
pH,
pH,

mg/L.
mg/L.
mg/L.

units ,
un i ts ,
un i t s

1 .
2. 17
0- 439

47
13.

74
910
100
4
2
3

7. 3
6. 9
6. 8

!• COL. 2 EFF
AERO. COL. 3 EFF
CONT. COL. 1 EFF
ANAER. COL. 2 EFF
AERO. COL. 3 EFF
CQNT. COL. 1 EFF
ANAER. COL. 2 EFF
AERO. COL. 3 EFF
CQNT. COL. 1 EFF
ANAER. COL. 2 EFF
AERO. COL. 3 EFF
CONT. COL. 1 EFF

CM
O
O
GO
O
O
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SPECTRIX MQNRQEVILUE
Page - 1

TABLE 2: SUMMARY OF PAH DATA

Samp Iff 8S02O036

Date
Data

Co l l t c t e d
Re c e i v e d :

Date Ex t r a c t e d :
Date Ana l y z e d :

02/04/88
02/04/88

02/05/88
02/15/88

Sourc e : ANAER. COL. 2 EFF
Des c r i p t i o n : TREATABILITY STUDY

Clean up Method
s i l i ca gel clean-i
f lor i s i l c lean-up
alumina c lean-up
su lfur c lean-up

e*
es

ye%
yes

_no
.no
no

Polynuc lear Aromat ic Hydrocarbon *

O
CO
O
O

Acenaph thene . . . . . . . . .
A c e n a p h t h y l e n e . . . . . . .
Anthracene . . . . . . . . . . .
Ben z o ( a ) a n t h r a c e n t . .
B e n z o ( a ) p y r e n e . . . . . . .
Be n z o ( b ) f l u or an thene.
B e n z o < g . h > i )p e rg l e n e .
Benzo ( k ) f l u o r a n t h e n e .
Chrgsene . . . . . . . . . . . . .
Dibenz ( ah ) an t h ra c en e .F l u o r a n t h e n e . . . . . . . .
F l u o r e n e . . . . . . . . . . . . .
I n d eno ( 123-cd )py r en e .P h e n a n t h r e n e . . . . . . . . .
Pyrene. . . . . . . . . . . . . . .

56. 3
INTERFERENCE
4. 22
0. 853
0. 092
0. 089
0. 109
0. 056
0. 736
<0. 030
8. 99
25 .8
0. 071
35. 6
6. 35

Other Polynuc lear Aromat ic Compound * tested
Carba ro l e . . . . . . . . . . . . : 24 .6
N a p h t h a l e n e . . . . . . . . . . . : <2. 00

The above results J|t.e_rt£o_rted in
All PAH ident i f i ca t ions are from retent ion data only.
Samples were run by a Liqu id Chroma tog raph i c Techn ique
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IIII
SPECTRIX MQNROEVILLE

TABLE 2: SUMMARY OF PAH DATAM"""*MM"-—»-—-«»»«««»».
Sample : 88020087

Page- 2

Date Co l l e c t e dDate Rec e i v e d : 02/04/88
02/04/88

111
Date Ex t r a c t e d : 02/03/88
Date Ana l y z e d : 02/13/88

i

i

Sour c e : AERQ. COL. 3 EFF
i p t ion : TREATABILITY STUDY

Clean up Method
s i l i ca ge l c lean-up
f lons i l c lean-op
alumina c itan-up
sulfur c lean-up

.ye* .no
_no
."0
no

Polynuc l ear Aromat ic Hgdrocarbon *
Acenaph th en e . . . . . . . .
Acenaph thy l e n e - . . . .
A n t h r a c e n e . . . . . . . . . . .
8 e n z o ( a ) a n t h r a c « n e . . .
8 e n z o ( a ) p y r e n e . . . . . . .
0»n i o ( b > f l u o r a n thene
8 e n z o < 9 ' h i i ) pery l ene .
Ben zo ( k ) f l u o r a n t h e n e .
C h r y s e n e . . . . . . . . . . . . .
Oibenz < a h ) an t h ra c e n e .
F l u o r a n t h e n e . . . . . . . . .
Fluorene. . . . . . . . . . . . .t nd eno < 123-cd >
Phenanthrcne . .
Pyrene, . . . . . . .

o
COoo

136
INTERFERENCE27. 3
28. 6
7. 39
11. 4
4. 89
4. 10
23 0
3. 61
92. 1
82. 4
2. 98
144
36. 3

i Other Polynuclear Aromat ic Compound s te s ted :C a r b a z o l » , . . . . . . . . . . . . : <2. 00
N a p h t h a l e n e . . . . . . . . . . . ; <2. 00

The above result * are. reported in ug/L .
All PAH ident i f i cat ions are from retent ion data on l t j .

es uere run by a Liqu id Chromatograph i c Techn ique .
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SPECTKIX MQNROEVILLEiiiii

Page- 3

TABLE 2: SUMMARY OF PAH DATA

Sample 88020088
Date
Date

Date
Oat*

Co l l e c t e d
Rece ived :

Extracted :
Ana l y z e d :

02/04/88
02/04/88

02/03/88
02/13/88

iiiiii

Source: CONT. COL. 1 EFF
Descr i p t i on : TREATAgJLITY STUDY

Clean up Method
s i l ica gel clean-up :/ uea
floriii l clean-up __ges
alumina clean-up __yes
sulfur clean-up __yes no

Polynuclear Aromatic Hydrocarbons

O^
O
00
O
O

A c e n a p h t h e n e . . . . . . . . .
Acenaphthylene- . . . . . .
A n t h r a c e n e . . . . . . . . . . .
Benzo <a ) <anthracenc . - -
B e n z o < a > p y r e n e . . . . . . .
B e n z oCb ) f luoranthene.
S e n z o ( g < h i i )perglene.
B«nzo(k)f luoranthene.
Chrytene . . . . . . . . . . . . .
Oib*n i <ah)anthracene.
F l u o r a n t h e n e . . . . . . . . .
F l u o r e n e - . . . . . . . . . . . .
I ndeno < 123-cd >pyren * .
Ph e n a n t h r e n e . . . . . . . . .
P y r e n e . . . . . . . . . . . . . . .

44. 0
32. 7
2. 76
0. 437
0. 026
0. 043
<0. 030
<0. 020
0. 301
<0. 030
3. 23
18. 1
<0. 030
26. 3
3. 33

Other Polynucloar Aromatic Compounds tested
Carb«iol». . . . . . . . . . . . . : 34. 3
N a p h t h a l e n e , . . . . . . . . . . : 723

i Th*
All PAH identif ications are from retention dfita only.
Samples were run by a Liquid Chrcmatographic Technique
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I
KEYSTONE ENVIRONMENTAL RESOURCES. INC.

ll
TABLE OF CONTENTS

SAMPLE # SOURCE

PRODUCED ON 03/08/88 AT 1 4 : 0 2 PAGE

OESCRIPT DATE-COL DATE-REC QRD *
88020572
88020373
88020374

AEHO. COL- 3 EFF TREATABILITY STUDY
CONT COL. 1 EFF TREATABILITY STUDY
ANAER. COL. 2 EFF TREATABILITY STUDY

02/18/88 02/18/88 M8802103
02/18/88 02/18/88 M8802103
02/18/88 02/18/88 M8802103

I
il

O
CO
O
O

I
llll
l
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III
KEYSTONE ENVIRONMENTAL RESOURCES. INC.

TABLE: i: SUMMARY OF ANALYTICAL DATA PRODUCED ON 03/08/99 AT 1 4 : 0 4 PAGE

SAMPLE » RSLT LNE

II

SOURCE
I TOTAL RECC

88020372
— 88020973
• 88020974
• ORTHOPHOSF

88020972
IS8O20373

88020974
TOTAL QRC*

188020372
38020373
88020374

«pH
§38020372
"98O20973

3802O974

3VERABLE PHENOLICS (AS
Pheno l . mg/L. . . . . . . .
Pheno l . mg/L. . . . . . . .
Pheno l * mg/L. . . . . . . .

'HATE
Pho sph« t e < o > « sP .mg/L
Phosphate <o)«sP. mg/L
Pho s p h4 t e ( o ) * sP .m y/L

WIC CARBON
TQC» mg/L. . . . . . . . . . .
TOC» mg/L. . . . . . . . . . .
TOC* mg/L. . . . . . . . . . .
p H , units. . . . . . . . . . .
p H t un its . . . . . . . . . . .
o H i un its . . . . . . . . . . .

^HENOL )
0. 333
0. 206
1 . 16
3. 39

<Q. 100
4. 98

41. 6
10. 8
34, 7

7 . 0
6. 3
7. 3

AERO. COL. 3 EFF
CONT. COL. 1 EFF
ANAER. COL, 2 EFF
AERO. COL. 3 EFF
CQNT. COL. 1 EFF
ANAER. COL. 2 EFF
AERO. COL. 3 EFF
CONT. COL. 1 EFF
ANAER. COL. 2 EFF
AERO. COL 3 EFF
CONT. COL. 1 EFFAKIAPB rni -s ccc

r-
oo
00oo
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iI11
KEYSTONE ENVIRONMENTAL RESOURCES, INC

TABLE 8: SUMMARY OF PAH DATA
Page- 1

Samp l e : 8802037S
D*ti
Datt Co l l t c t f d

R» c t i v t d :

I
I
I
I
I

Data Ext ra c t ed
Date An a l y z e d :

02/18/88
02/18/88

02/19/88
03/03/88

Source : AERO. COL. 3 EFF
Des c r i p t i o n ; TREATABILITY STUDY

Clean up Mtthod

i

si I ica gel c lean-up
f lor isi I c lean-up
alumina e lean-up
su lfur cl«*n~up

yes
yes

Polynuc l tar Aromat i c Hydrocarbon,
A- __. __ t . t

.no

.no ̂
"rto O*.

O
CO
O
O

Actnaph then * . . . . . . .
Actnaphthy l e n t . . . . . . .
A n t h r a c e n e . . . . . . . . . . .
Benzo <a )«nthrac«n * . . .
B«nzo ( a ) py r e n e . . . . . .
B«nzo < b ) ^ l u o r a n t h e n e .B e n z o ( g , h * i > pe rg l en * .
Benzo t k ) f l u o r an t h * n t .
Chrys »n » . . . . . . . . . . . . .
Dib«nz (ah )an thracene ,
Fluoranfchene . . . . . . . .
F iuor*n » . . . . . . . . . . . . .
Xndeno < 123-cd)pyr«n« .
Phenanthreng. . . . . . . . .
P g r e n * . . , . . . . . . . , . . , . .

22. 3
<2. 00
7. 19
13. 7
4. 12
6. 01
3. 91
2 .22
14. 2
6, 39
49. 3
9. 68
2 .48
1. 84
39. 3

Other Polynuc l t i r Aromatic CompoundsCarbazo l t . . . . . . . . . . . . . : <2 . OO
N«phth«l*n*. . . . . . . . . . . : <2. 00

t * * t *d

Tht .koy.
AU PAH i

r.port.d in uj/L
from

I
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1
1 KEYSTONE ENVIRONMENTAL RESOURCES* INC

Page- 2

B TABUS 2: SUMMARY OF PAH DATA

• Samp l e : 88020373
Dat* Co l l e c t e d . 02/18/88

I Datt Rece i ved : 02/18/88

I Date Extrac t ed : 02/19/89
Date Ana lyzed : 03/03/8Si

^ Polgnuc lear Aromat*w•
™ Acenaphthene. . . . . . . .Acenaphthg l ene . . . . . .
• Anthracene. . . . . . . . . .

Btnzo <a )pyrene . . . . . .
|

B«nxo(b )f luoranthene
8»n io (g . hi i )ptry lent
Ben z oCk )f luoranthene— Chrgsene . . . . . . . . . . . .

• Di b*n 2 < ah) anthracene
Fluoranthvne. . . . . . . .
Fluortnf. . . . . . . . . . . .

|
lnd*no< 123-cd )pyr*n»
Phenanthren*. . . . . . . .
Purtfnc . . .S ———— _

I

Source: CONT. COL.. 1 EFF
Descr i p t i on : TREATABIUITY STUDY

.--.--i"•"'" ""' "
Clean up Method
• ilica gel cle*n-up^/.y»s __ no
# lorisi l c lean-up __ ^yes __ no^
alumina clean-up __ y«s __ no^
sulfur clean-up __ yes __ no

COoo
Hydrocarbons

4O 3• • ^w. */
28. 2
2. 83
0. 068
<0. 020
<0. 020
<0. 030
<0. 020
<0. 130
<0. 030
3. 16
19. 3
<0. 030
26 0• • •*** F ^f

2. 3d

Other Polgnuclvar Aromatic Compounds tested :Carbazole, . . . . . . . . . .
• Naphthalene. . . . . . . . .B

: <2. 00
: 670

II
-Th» above result* are report«4 in ug/U .
All PAH identif ications are from retention data onlg.
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III KEYSTONE ENVtRONMENTAt RESOURCES, ,NC

SUMMARY OF P*H DATA
tm*-*~~m*mmmmmmmm*mmm

p »g »- 3

Sampl * 88020374

Dat. £0 l l *C t e d : 02/18/88
Sourc . ANAER. COL
D. S C r l p t I O n : EFF

STUDV

I
I
I
I
I
I
I

Ei f c r a c t t d ;
Ana l y z e d : 03/03/88

CUan up Mtthod
Uc

I
iiii

4.,,. .

_no
.no
no

O

O

V-
GO
O
O

Actnaphthtnt .ActnaphthgUne " ' ' ' ' ' • ' JO. 4Anthractnt ' • • - • • • : INTERFEReNC£Benzo< . > a n t h r a c t n t ; - ; 9 - 3 1
B*nzo ( * ) p y r t n t • . ; 0 .803
BtnZ O ( b )Muoran th , n , ' 0 3 4 7K.'.-.'WUiKIKa-'ifaCnrys«n» • u. ues?K:::±-::ii;i«-i--: = <o^0• • • • • • • • • : 8 . 36

123-cd)pyr .n . . ; i o°083
• • • • • - • • - : 10 .6

___- • • • • * . - : 6 . 73

?";«o?i:iBUClMr ^«~**5 Compound, t«t.dNaphthal .n. . ' • • • • • • • • • : 7 .08• • • • • • • - . - : 4 . 3 0

„.
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IIIII
KEYSTONE ENVIRONMENTAL RESOURCES, INC.

TABLE OF CONTENTS

SAMPLE « SOURCE

PRODUCED GX 03/23/88 AT 16 :33 PAGE

DESCRIPT DATE-COL DATE-REC ORD It
98030073 CONT. COL. 1 EFF TREATABILITY STUDY
3B030076 ANAER. CGL. 2 EFF TREATABILITY STUDY
38030077 AERO. COL. 3 EFF TREATABILITY STUDY

03/03/88 03/03/88 MQ8Q3017
03/03/88 03/03/88 M8S030X7
03/03/88 03/03/88 M8803017II O

•_-
CO
O
O

IIIil

I
008101



II
I KEYSTONE ENVIRONMENTAL RESOURCES. INC

j-ABLE 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 03/23/88 AT 16 : 33 PAGE

IsAMPLE * RSLT. LNE SOURCE
rQTAL RECOVERABLE

1*8030073 Pheno l
1)8030076 Phtno l
*38O30077 P h • n o 1
tfRTHOPHOSPKATE AS
§6030073
38030076

PHENOLICS (AS
mg/U. . . . . . . .
mg/L. . . . . . . .
mg/L. . . . . . . .

P
Pho«phat« <o)a *P. mg/L

mg/L
J8030077 Pho s p h a t t < o ) a *P ,mg/LLfJTAL ORGANIC CARBON
38030073
18030076
8030077
H

•1S030073
•6030076
•8O30077

TOC
TQC,
TQC,

pH,
pH,

mg/L.
mg/L.
mg/L.

units ,
un its .
un i t s .

PHENOL)
0- 137
1. 20
0- 297
<o. too

4. 39
3. 36

10. 2
32. 7
33. 7

7. 2
7. 6
7 1

iii

CQNT. COL- 1 EFF
ANAER. COL. 2 EFF
AERO. COL. 3 EFF
CONT. CQL, 1 EFF
ANAER. COL. 2 EFF
AERO, CQL. 3 EFF
CONT. COL. 1 EFF
ANAER. CQL. 2 EFF
AERO. COL. 3 EFF
CQNT. COL. 1 EFF
ANAER. COL. 2 EFF
AERO. COL. 3 EFF

CM
O
r-
00
O
O

i
i
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II KEYSTONE ENVIRONMENTAL RESOURCES, INC

TABLE 2: SUMMARY OF PAH DATA
P*ge-

Sample : 98030073

i Date
Date Col l e c t ed

Rece i v ed : 03/03/88
03/03/88

Date Ext ra c t ed :
Date Ana l y z ed : 03/09/88

03/19/B8

Source : CONT. COL. 1 EFF
Desc r i p t i on : TREATABILITY STUDY

Clean up Method
s i l ica gel clean-i
floris i l clean-upalumina clean-upsulfur clean-upi

Polynuc iear Aromatic Hydrocarbons
• A c e n a p h t h e n e . . . . . . . . . . 37 .0
" Actnaphthg lene . . . . . . . . 60. 3

A n t h r a c e n e . . . . . . . . . . . . 1 . 84( Banzo(a )an thracene . . . 0. 089
B « n z o < a ) p y r e n e . . . . . . . . <0. 020
Benzo ( b >f luoranthehe. . <0. 020

|
Be n z o < g * h* i )perylene. . <0. 090
Be n z o < k )f luoranthene. . <0. 020
C h r y s e n a . . . . . . . . . . . . . . <0. ISO
Dibenz (ah )an th racene . . <0. 030
F l u o r a n t h e n t . . . . . . . . . . 1 . 97Fluorene. . . . . . . . . . . . . . 17 . 0
Indeno< 123-cd )pyren«. . <0. 090
Phenanthrene. . . . . . . . . . 19. 0
P y r e n e . . . . . . . . . . . . . . . . 1 . 4 7

m Other Polynuelear Aromatic Compounds tes ted :C a r b a a o l e . . . . . . . . . . . . . : 82. 4
M Naphthalene. . . . . . . . . . . : 496
• " _~^—-—-i—*W _ _ . _ . „ . . , - - - ' - — ' - --'—-- '- -'""'"" • " " — ~ k~" ~ _ _ _

tt The above results are reported in ug/L
All PAH ident if icat ions are from retention data only.

e*
ye»yes

.no

.no

.no
CO
O
O
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II KEYSTONE ENVIRONMENTAL RESOURCES, INC
- 2

TABLE 2: SUMMARY QF PAH DATA

88030076
Date
Date Co l l e c t e d

Rece i v ed :

Date Ext rac t ed
Date Ana l y z e d :

03/03/88
03/03/88

03/09/Q8
03/19/89

Source : ANAER.COL. 2 EFF
Descr i p t i on : TREATASILITY STUDY

Clean up Method
s i l i ca gel elean-i
Hor i t i i clean-up
alumina clean-upsulfur clean-up

ii Polynuclear Aromatic Hydrocarb on*

I

III

Acenaphthene . . . . . . . . . . 3 1 . 7
Acenaphthylene . . . . . . . . 8 , 25
Anthracene . . . . . . . . . . . . 2 . 36
Benzo <4)an th ra c en e . . . . 0. 770
Btruo<«)pyrene . . . . . . . . 0 . 078
8c n z o < b ) f luoranthene. . 0. 063
Be n z o <9 » h» i )perglene. . <0. 090Btn zo < b )f luoranthene . 0. 048
Chrycene . . . . . . . . . . . . . . 0 . 690
Dibenz(ah)anthracene . . -CO, 030Fl'joranthena. . . . . . . . . . 9. 82
Fluorene. . . . . . . . . . . . . . 12 . 8
lndeno( t23-cd )pyrene. . <0. 050Phenanthrene. . . . . . . . . . <0 , 300
Pyrene. . . . . . . . . . . . . . . . 3^. 89

Other Polynuclear Aromatic Compound* testedCarbazoif . . . . . . . . . . . . . : <2. 00Naphthalene. . . . . . . . . . . : <2. 00

The above re«yltf are reported in u f l/L .
All PAH ident if icat ions are froffl retent ion data only

es .no
.no
.no
no

O

CO
O
O
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IIII
KEYSTONE ENVIRONMENTAL RESOURCES, INC

- 3

iiiiiiii

TABLE 2: SUMMARY OF PAH DATA

Sample : 8803007'
Date Co l l e c t e d : 03/03/88
Date Rece i v ed : 03/03/88

Source: AERO. COL. 3 EFF
D«*criPt i o n ; TREATABILXTY ..STUDY

Clean up
Date Ex t r a c t e d : 03/09/88
Date Ana l y z ed : 03/19/88 *

alumina clean-up
cl*«n-up

__no tn
o.no

.no ^

.no CO
O
O

Aromatic Hydrocarbons
Acenaphthene . . . . . . . . . . 13 . 9
Acenaphthylene . . . . . . . <2 . 00
A n t h r a c e n e . . . . . . . . . . . . 4. 54
Ben *o <a )an thracene . . . . 5 .959enzo < a ) py r e r » e . . . . . . . . 7 . 90 -
8 e n z o < b ) f luoranthene. . 12. 6
Btnro t ' g , h> i)perylene. . 11. 4
Benzo <k ) f luoranthene . . 4. 70
C h r y t e n e . . . . . . . . . . . . . . 7. 34
Dibenz <ah )an thracene , . 14. iFluoranthene. . . . . . . . . . 22. 5
Fluorene. . . . . . . . . . . . . . 2 . 27Indeno( l23-cd)pyr»ne. . 8. 72
Phetianthrene, . . . . . . . . . 3 . 80
Pyren*. . . . . . . . . . . . . . . . 57. 5

Other Poignuelear Aromatic Compound* te«t*d:Carb«zoltf. . . . . . . . . . . . . : <2. 00
. , . . . , . . _ , . . . . : <2. 00

Th* abovt r.sultt art r.porttd in u f l/L .
All PAH identif icat ion ar. *POa r.t.ntion data onlM .
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FINAL SOIL COLUMN SOIL RESULTS
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I
1 TABLE OF CONTENTS

| SAMPLE tt SOURCE

i

KEYSTONE ENVIRONMENTAL RESOURCES* INC.

88030073
88030079
88030080

AERO.SO IL
ANAER .SOIL
CONTROL SOIL

PRODUCED ON 03/30/88 AT 09 :00 PAGE

DESCRIPT DATE-CQL DATE-REC GRD «
TREATA8ILITY STUDY
TREATABILXTY STUDY
TREATA8IHTY STUPY

03/03/86 03/03/88 M88030i8
03/03/88 03/03/98 M88030i8
03/03/88 03/03/88 M8803018

I
I O

N—
00
O
O

I
III
I
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III1II

KEYSTONE ENVIRONMENTAL RESOURCES, INC,
TABLE 1: SUMMARY QP ANALYTICAL DATA

tam*Ha«*

f a ««« aa at PRODUCED ON 03/30/88 AT 09
SAMPLE * RSLT.LNE
y. MOISTURE
38030078
88030079
88030080
METHYLENE
88030078
88030079
38030080
TOTAL

7. So l i d * «103 C. . . . .
X So l i d * 4103 C . . . . .
% So l i d * «103 C. . . . .

CHLORIDE £XTRACTA8LESMcCl E* tractab I * * ,
MffCl Extrac tab Us,
MtCl Extr«c tab It »,

ORGANIC CARBON

79
77.
78_

mg/Kg
ma /Kg
mg/Kg

863
I960
2960

88030078 X
90030079 7.
33030080 X
3XL * GREASE.

TOC. . .
TOC. . .
TOC. . .

TOTAL38030078 Oil &
38030079 Oil &
38030080 Oil It
TOTAL RECOVERABLE PHENOL ICS30030078 Phtno l i mg/Kg. . .6030079 Phtno l

RECOVERABLE,
m g /K g . .

Grt4t * < mg/Kg . .
Grt«f«. mg/Kg . .

- . : 0, 69
- - : 1. 13
. : 1. 10

GRAVIMETRIC
- • : 7240

: 8390
• : 8830(AS

8030080 Phtno l i mg/Kg
mg/Kg

PHENOL). . . 2

TOTAL PHOSPHOROUS AS P8030073
8030079

38030080§H
1003007838030079
-8030080

Phosphoroo *
Phospho rou
Pho » p h o r o u »/

mg/Kg.
mg/Kg .
mg/Kg.

So i l pH* uni tt,
Soi l pH* units .
Soi l pH. units .

OTAi. KJELDAHL NITROGEN
8030078 TKN as N, mg/Kg

^38030079 TKN as N» mg/Kfl.
•38030000 TKN as N, ff lg/Kg.

60
2. 92
1. 42
62. 0
77. 0
Oo, 0

7 . 3 4
8. 19
7. 69

198
22S
219i

Th« *bov« resu l ts «rt on an as rect iv .d bas i s

SOURCE

AERO. SOIL
-ANAER. SOIL
--CONT.50t.SOIL

AERO, SOIL
ANAER. SOIL
CONTROL SOIL
AERO. SOIL
ANAER. SOIL
CONTROL SOIL
AERO. SOIL
ANAER. SOIL
CONTROL SOIL
AERO. SOIL
ANAER. SOIL •
CONTROL SOIL
AERO. SOIL
ANAER. SOIL
CONTROL SOIL
AERO. SOIL
ANAER. SOIL
CONTROL SOIL
AERO, SOIL
ANAER.SOIL
CONTROL SOIL

COo
T~
COoo

iiii
008108



II
.„
5AMPLE LNE
•
I?!03C37e Ant imony , u g/Ka03«079 Ant im

- • .

,8030080
§ '8030078
"J8030079 Copp . r ,

Copp . r ,

18030078
38030079
18030080
IERCURY

L««d< ug/Kg
Lead, ug/Kg
L*«d* ug/Kg

I3050030
4ICKEL
18030070
8030079

Mtrcury
Nickt i ,N i ck » i ,

' ug/Kg .
ug/Kg. . . . .
ug/Kg. . . .

I'8030078
8030079

^8030080
ILVER
8030078^aosoo?*
I3O30080

HALLIUM
-8030078

S.l.niu«, g9/K f lStl«niu«,S.Un i u n,
Si lvtr .
5ilv«p,
Si lvan. ug/Kg . .

ug/Kg

«bovt on

: <6000
: <6000
: <6QQO
: 7 140
: 13300
: 40100
: 1030
: 1070
: 1070
: OOO
: 000

000
: 9120
: 93800
: 13200
: 3370
: 6140
: 7240
: 4330
: 3870
: 6*90

1970
2360
1370
<4000
<4000
<4000
000
OOO
OOO
<tooo
<1000<iooo
< iOOO
<1000
<1000

wt igh t b«tii.

SOURCE

AERO. SOIL
ANAER. SOIL
CONTROL SOIL
AERO, SOIL
ANAER. SOIL
CONTROL SOIL

SOIL
ANAER. SOIL
CONTROL SOIL
AERO. SOIL
ANAER SOIL
CONTROL SOIL
AERO. SOIL
ANAER. SOIL '
CONTROL SOIL
AERO. SOIL
ANAER. SOIL
CONTROL SOIL
AERO. SOIL
ANAER. SOIL
CONTROL SOIL
AERO.SOIL
ANAER. SOIL
CONTROL SOIL
AERO. SOIL
ANAER.SOIL
CONTROL SOIL
AERO SOIL
ANAgR. SOIL
CONTROL SOIL
AERO. SOIL
ANAER. SOIL
CONT80L SOIL

00
O
O

AERO. SOIL
ANAER. SOIL
CONTROL SOIL

008109
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KEYSTONE ENVIRONMENTAL RESOURCES* INC

TABLE 2: SUMMARY OF METALS DATA PRODUCED ON 03/30/98 AT 09 :07 PAGE

SAMPLE » RSLT. LNE SOURCE
7. INC
38030073
38030079
88030080

Z i n c . u g /K g . .
Z i n c * u g / K g . .
Z i r c * u g /K g .

27100
122000
37700

AERO.SOILANAER. SOILCONTROL SOIL
fht above r t fu l t t art on a dry u«ight ba t i s

I
IIIII
II
I
I

. . . . . . .4 I

O
v
CO
O
O

=&*•
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I KEYSTONE ENVIRONMENTAL RESOURCES, INC

TABLE 3: SUMMARY OF METALS DATA PRODUCED ON 03/30/98 AT 0 9 : 0 7 PACE

SAMPLE » RSLT. LNE

IIIIIII

SOURCE
TCLP LEACHATE

1

I
1BB

1
1
1
1

ARSENIC
88030078
88030079
98030080
COPPER
98030070
38030079
38030080
CHROMIUM
3803007Q
B8030079
98030080

Ar s t n i c ,
Ar*«niq,
Art tn i c .
Copp e r .
Copp e r ,

Chrom i um
Chrom ium
Chromium

mg/L. . . . . . .
mg/L . . . . . . .
mg/L . . . . . . .

mg/L. . . . . . . .
mg/L. . . . . . . .
ma /L*

. mg/L. . . . . .
, ma /L
. mg/L. , . . ,

<0,<0,
<0.
<0.<o.<o.
<0.<o.<o.

300
300
300
023
023
023
010
010
010

- AERO.
ANAER

SOIL
, SOIL

CONTROL SOIL-
AERO.
ANAER. «w*t-

SOILen TI
CONTRQL SOIL
AERO.
ANAER

SOIL
. SOIL

CONTROL SOIL

•

COoo

1

008111



1
• •ABLE 4:

-VHttwwaavi

B SAMPLE tt
^ ;PTQX LE*
" .RSENIC

J8030078a 18030079-
• *80300801ARIUM
1*8030078

J8030079
^8030080

|

:ADMIUM
18030078

J8030079
18030080• HROMIUM

• 8030078
^8030079

18030080OPPER
88030076

18030079
8030080

~EAD
8030078

• 8030079
• 8030080MEHCURY
18030078

8030079
£6030080

IELENIUM
8030078

s.8030079
^8030080SILVER
•8030078
"8030079

•8030080

i

KEYSTCn*«*fiM«M(,va)l
SUMMARY OF METALS
'*** flJQj* til 21 AVBB » » _ • < _

RSLT. LNE•- -«•- ~». «-«-«,«« w-,-wCHATE

Ars tn i e . mg/L . . .
Ar«»n ic , mg/L-
Ar*«nic i mg/L. . ,
Bar ium, mg/L.
Bar ium* mg/L, . . .
Bar ium* mg/L . . . .
Cadmium, rng/L.Cadmium* mg/L. .
Cadmium* mg/L. . . .
Chromium. mg/L.
Chromium, mg/L. , .
Chromium* mg/L. . .
Ccpptr , mg/L. . .
Coppe r , mg/L. . . .
Copp e r , mg/L. . ,
L*ad . mg/L. . . .
Ltad, mg/L, . . .
L«ad» mg/L. . , .
Mtrcury , mg/L. . . . ,
Marcury , mg/L. .
Mtrcury, mg/L. . .
S«l#nigm, mg/L, .
S*l tn ium» mg/L. . . .Stfltniun* «a/L. . . .
8ilvtT* i mfl/L. . .Silvtn mg/L. . . .
Si lvar, mg/L. . .

JNE ENVIRONMEKI* *«***««•«„,
DATA
• ••VHvifinanwH,,

«-««.._^^_ww,w

. . . - : <0, 300
• • - : <0. 300

• • : <0. 300
• • • : <0. 200
• - • : <0. 300• ; <0. 200' ^ • ^' TV \f

• • • : <0. 003
. . . : <0 . 003

- - : <0. 003
- - - : <0. 010
• - . : <0. 010

• : <0. 010
• - - : <0. 023

• : <0. 023
. . ; <0 023•^W. VKW 1

- : <0. 100
• • : <0. 100
• • : <0. 100
- - •' <0. 0002
• • : <0. 0002

<0. 0002^ ̂  ^ ^ff rf Wn

<0. 300
<0. 300
<0. 300
<0. 010
<0. 010
<0. 010

«TAL RESOURCES, INC'"""""•"-l—— •«••••«.«.,.assess- -:.:::«
SOURCE——— „ ^n ——— ^ ———— ̂

"""'"""AERO. SOIL
ANAER. SOILC9NTRQkSfllL
AERQ. SOIL
ANAEW. SOIL
COMTRQL SfllU
Afe'RO. S07LANASR. somCONTROL SOIL
AERO SOIL
ANAEK. SOIL
CONTROL SOIL
AERO SOIL
ANAER. goil
CONTROL SOIL
AERO. SOIL
ANAER. SOIL
CONTROL SOIL
AERO. SOIL
ANAER. SOIL
CONTROL SOIL
A£RQ. SOIL
ANAER.SQIL
CONTROL SOIL
AERO. SOIL
ANAER. SOIL
CONTROL SOIL

i - .- . . . . . — . - . - . --
I

00oo

008112



II KEYSTONE ENVIRONMENTAL RESOURCES. INC
Page - l

TABLE 3: SUMMARY OF PAH DATA

Samp l e : 88030078I Date
Date

Co l l e c t e d
Rec e i v e d :

Date E i t ra c t cd :
Date Ana l y z e d :

03/03/ae
03/03/88

03/08/88
03/17/88

Sourc e : AERO. SOIL
Des c r i p t i o n : TREATA8ILITY STUDY

Clean up Method
s i l i ca gel c lean-up
flonsi l cl«an-up _,y«»
aluoina clean-up __ijes
sulfur cltan-up __yes

no

noII Poiynuc l ear Aromat ic Hydrocarbons

I
II

Actnaphth«n«. . . . . . . . .
Ac e n a p h t h y l * n « . . . . . . .
Anthracene . . . . . . . . . . .
B«nzo < a ) a n t h r a c e n e . . .
B«nzo ( * > p y r » n e . . . . . . .
Senzo ( b > f l u o r a n t h e n e .
B e n z o < g . h , i )pery lene.
B e n z oC k > f l uoran thene .
Chrys en e . . . . . . . . . . . . .
Difr enz < ah )an thracene .
Fluoranthen» . . . . . . . . .
F l u o r e n e . . . . . . . . . . . . .
I n d » n o < 123-cd > py r e n e
Phenanthrtna . . . . . . . .
P y r e n e . . . . . . . . . . . . . .

379000
82600
177000
1 1 1000
34200
31200
43300
19000
106000
61000
332000
234000
30300
683000
317000

COoo

i

Othtr Polynuc l t *r Aromat ic Compoond * tttttd
C a r b « z o l e . . . . . . . . . . . . : 16400N a p h t h a l » n « . . . . . . . . . . . : 729000

Th« above resu lt * art reported in ug/Kg
:Th« above jrt^ultt *r» 9" *n A* t.*c**X*i b a *4 * -
All PAH ident i f i cat ions are from retent ion data only.

i
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KEYSTONE ENVIRONMENTAL RESOURCES- INC

TABLE 5: SUMMARY OF PAH DATA

Samp l e : 38030079
Date Co l l e c t e d
Date Re c e i v e d :

Date Ex t r a c t e d
Date Ana l y z e d :

03/03/88
03/03/88

03/08/88
03/17/88

Page- 2

Sour c e : ANAER.SOIL
Des c r i p t i o n : TREATABILITY STUDY

Clean up Method
s i l i ca gel clean-up
f lor is i l clean-up
alumina clean-up
sulfur clean-up

/„.
.yes
.yes
ue *

.n°
_no
_no
no

I

IIIIII

Polynuc l ea r Aromatic Hydroccrbon *
Acenaphthene . . . . . .
Aeenaphthy lene. . . . .
Anthracene . . . . . . . .
Benzo (a )an th ra c ene
Be n z o ( a ) p y r e n e . . . . .
Be n z o ( g . h , Opery l ene .
Benzo ( k >f luoranthene.
Chry s en e . . . . . . . . . . . . .
Di ben 2 (ah J anthracene .
Fluoranthene. . . . . . . .
Fluoren* . . . . . . . . . . . . .
t ndeno < 123-cd )oyrene .
Phenanthrtne. . . . . . . . .
Pyrene . . . . . . . . . . . . . . .

438000
7300
30200
4430O
20000
30700
20100
10300
4140O
33400
161000
108000
13100
253000
139000

00oo

Other Polynuclear Aromatic Compounds testedC a r b a z o l e . . . . . . . . . . . . . : 63000
Naphtha lene . . . . . . . . . . . : 114000

The above resu l ts are reported in ug/Kg

II
All PAH ident i f i ca t ions are from retent ion data only

008114



II
.BOUKB. INC

- 3

; 88030080

I
D
I

Date
Date

Oat*
Date

Co l l e c t e dRec e i v e d

Ex t ra c t ed
Ana l y z e d

03/03/88
Sourc t : CONTROL SOIL
Des c r i p t i o n : TREATABILITY STUDY

03/08/88
03/17/8Q

Cl» *n up
ge l c lean-up

clean-up
clean-up««l*ur clean-up'

-n° in

iiiii

Polynuc l e e r Aromat ic Hydrocarbons
A c e n a p h t h « n « . . . . . . . . . . 49300
Actnaphthg l en t . . . . . . . . <1000
A n t h r a c e n e . . . . . . . . . . . . 1730
Be n z o ( a ) a n t h r a c e n9 . . . . 4300
S e n z o ( a ) p y r e n e . . . . . . . . 1670
Benzo < b ) f l uo ran th ene . . 2880
B t n z o C g . h , i >pery l ene . . 1920
Btn :o ( h ) f l uo ran th ene . . 830
C h r y » * n e . . . . . . . . . . . . . . I860
Dib«nx<ah)anthracen« . . 1930F l u o r a n t h e n e . . . . . . . . . . 9330
Fluor»n«. . . . . . . . . . . . . . 4220
Znd«no < 123-cd )pg r en e . . 1240P h e n a n t h r e n e . . . . . . . . . . 9i70
P y r e n e . . . . . . . . . . . . . . . . 3360

Qttitr Polynuc lear Aromatic Compounds testedC a r b a z o l t . . . . . . . . . . . . . : 8430Njphthaitne, . . . . . . . . . . . 8910

Th« Above results are reported in ug/Ky.
Th* above resulJts art on «n j«ji_rtefti^*d biisis.
All PAH ident if icat ions are from retent ion d*t * only.

00
O
O
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IIIIIIIIII

KEYSTONE eWIRQNMENTAL

Page-
PAH DATA

Samp It. 38030078
Dat*
Oat* Co l l e c t e d

Rec e i v e d :

Date E * t r a c t » d
Dat* Ana l y z e d :

03/03/88
03/03/88

03/11/88
03/17/88

Source : AERO. SOIL
De s c r i p t i o n : TREATABILITV STUDY

Clean up Method
s i l i ca gel c lean-up_</ijes
floris i l c l tan-up __yes
alumina clean-up __yes
sulfur cltan-up __yes

.ho

.no

."o
no '

TCLP EXTRACT

I

I
I

Polynuc i *«r Aromat ic Hydrocarbon *
Actnaphther« . . . . . . . . . . 473
Actn*phthyl«n» . . . . . . . . 1 9 7
Anthr«c«n», . . . . . . . . . . . 29. 9
Btnzo(a) *nthr ic«n«. . . . 3. 00
B « n z o ( * ) p y r * n » . . . . . . . . 0. 969
B » n z o ( b ) i* luor jnth^nt. . 0. 996
Btn i a ( g . hi i )p try l tn t . . 0. 391
B«nzo< k ) T* luor* inthtnt . . 0. 333
C h r y » « n t . . . . . . . . . . . . . 2 . 24
Dibtnz < *h >«nthr *c tn« . . 0. 439F l u o r a n t h e n t . . . . . . . . . . 32. 4
Fluortn*. . . . . . . . . . . . . . 2 19
Ind«no(123-cd)pyr«n«. . 0. 262
Phtnanthrtnc. . . . . . . . . . 233
Pyrtn* . . . . . . . . . . . . . . . . 23. 4

Other Polynuc l * * r Aromatic Compound! tacttdCarbazo l t . . . . . . . . . . . . . ; 190
N a p h t h a i t n * . . . . . . . . . . . : 3290

Th» abov« rttultt ar« r»port *d irL-ug/L .
All PAH idtnt if icat lons art from retent ion dat« only.

CO
O
O
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II KEYSTONE ENVIRONMENTAL RESOURCES. INC

TABLE 6: SUMMARY OF PAH DATA

Page- 2

i Sample : 83030079
Date Co l l e c t e d
Date Re c e i v e d :

Date Ext rac t ed
Date Ana l y z e d :

03/03/88
03/03/88

03/1 1/88
03/17/88

IIIIIIIII

Source : ANAER.SOIL
Desc r i p t i on : TREATABILITY STUDY

Clean
s i l i ca ge l clean-up
f lor is i i clean-up
alumina c lean-up
*ulfur clean-up

.no
_no
no

TCLP EXTRACT
Polynuc lear Aromat ic Hydrocarbon *

00
O
O

A c e n a p h t h e n e . . . . . . . . . .
Acenaphthy l ene . . . . . . . .
A n t h r a c e n e . . . . . . . . . . . .
Be n z o < a ) a n t h r a e e n e . . . .
Benzo < a ) py r e n e . . . . . . . .
Ben z o < b > f l u o r a n t h e n e . .
B e n z o ( g * h j Dpery l ene . .
B«n io (k ) f l uoranthene . .
Chry » ene . . . . . . . . . . . . . .
Dibenz ( ah ) an t h ra c en e . .Fluoranthene. . . . . . . . . .F l u o r e n e . . . . . . . . . . . . . .
Indeno<123-cd)pyrene, .
Phenanthrene . . - . , . . . .
P y r e n e . . . . . . . . . . . . . . . .

599
339
23. 3
2. 39
0. 296
0. 478
0. 272
0. 172
I. 78
0. 293
28.0
246
0. 177
248
19. 8

III

Other Polynuclear Aromatic Compound* testedCarbazo l e . . . . . . . . . . . . . ; 109
N a p h t h a l e n e . . . . . . . . . . . : 3950

Tha above result * are reported in wg/L .
All PAH ident if i cat ion * are from retent ion data only
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KEYSTONE ENVIRONMENTAL RESOURCES. INC
Pago- 3

TABLE 6: SUMMARY OF PAH DATA

Sample : 88030080
Date Co l l e c t e d
Date Rec e i v ed :

Date Ext ra c t ed
Date Ana lyz ed :

03/03/88
03/03/88

03/1 1/88
03/17/88

Source : CONTROL SOIL
De s c r i p t i o n : TREATABILITY STUDY

Clean up Method
s i l i ca ge l c lean-up
floris i l clean-up
alumina clean-up
sulfur clean-up

_no
.no
,no
no

TCLP EXTRACT
Polynuc lear Aromat ic Hydrocarbon*
Acenaph thene . . . . . . . . . .
Acenaphthy lene . . . . . . .
Anthracene. . . . . . . . . . . .
Bf i n zo ( a ) a n t h r a c e n e . . . .
Ben i o ( a ) py r e n e . . . . . . .
8enzo ( b > f l u o r a n t h e n e . .
Ben z o < g * h i i > p e r y l e n e . .
3 t n z o ( It > f luoranthtne . .
Chry s en e . . . . . . . . . . . . . .
Dib e n z ( a hJan t h r a c e n e . .
Fluoranthene. . . . . . . . . .
Fluorene. . . . . . . . . . . . . .
I ndeno < 123-cd )pyrene . .Phenanthrene- . . . . . . . .
Pyrene. . . . . . . . . . . . . . . .

739
433
29. 8
2. 03
0. 163
0. 143
0. 174
0. 099
1. 66
0. 122
33. 4
299
0. 113
306
23, 0

CO

COoo

Other Polynuc l tar Aromatic Compounds tested
Carbazo le . . . . . . . . . . . . ; 19 . 3
Naphthalene . . . . . . . . . . . : 7260

The above resu lts are reported in ug/L .
All PAH ident if icat ions *r« from retent ion data onlyI
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I APPENDIX 13

SLURRY REACTOR RESULTS
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APPENDIX 13
SECTION I

INITIAL SOIL AND GROUNDWATER RESULTS o
CM
\—
COoo

II
1

III
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DESCRIPT

STUDY»
°ATE-REI:

IIIIII

CVJ

COoo

IIII
008121



I
INC.I TABLE i; SUMMARY
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SAMPLE tt RSLT. LNE
X MOISTURE ——————————'
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I

I
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SOURCE
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PAGE

on an *» rtce ivtd fr

CM
CM

COoo
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KEYSTONE ENVIRONMENTAL RESOURCES. INC
P«g«- 1

TABLE 2: SUMMARY OF PAH DATA

Samp l * : 88010187
Dat« Co l l e c t e d
Dat * R«c«iv«d:

Date Ex t r a c t e d :
Date Ana l y z e d :

01/ 13/8Q
01/ 13/88

01/ 14/33
01/23/88

Source : SR SQIL
Ots c r i p t i o n : TREATABILITY STUDY

I

Clean up Method
a i l i ca gal c lean-up
f lor is i l c lean-up
alumina elean-up
sulfur clean-up

.yos

.««*.y«*.ges

.no

.no

.no
no CM

^—
COoo

Polynuc lear Aromat ic Hydrocarbons
Acenaphthenti. . . . . . .
Acenaphthy lene. . . . .Anthracene . . . . . . . . .
B«nzo(f i )anthrac«n » .
Bt n zo< * >
B c n z o C b )
Bt n z o ( h )f luor«nth»nt.

<ah )*nthr«c»n«.FT.ucranthtn* . . . . . . . . .
Fluoran* . . . . . . . . . . . . .
Ind*no< 123-cd )pyr*nt .

473000
INTERFERENCE
7230
12700
8840
13300
11300
4000
10900
13200
24600
33200
7660
32300
INTERFERENCE

iii

Othtr Polynuc l »ar Aromatic Compounds ttfttcd
C a r b a z o l * . . . . . . . . . . . . . : 110000
Naphth*l«n». . . . . . . . . . . : 43300

Th* abovt rtaults «r« rtporttd in ug/kg .
All PAH id«ntif icjftt ions art from retent ion data only.
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£ SAMPLE « SOURCE
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PRODUCED ON 01/87/3Q AT 16; 19 PAGE
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88Q1Q186 SR WATER TREATABXLITY STUDY _ .01/13/88 Oi/ i3/SQ M8801037

II C\J
s—
CO
Oo

II
III
III

008124



III

I APPENDIX 12

III

INITIAL SOIL COLUMN SOIL RESULTS

SEEDED = AEROBIC AND ANAEROBIC SOIL COLUMNS
UNSEEDED = CONTROL COLUMN

in
c\J
COoo

II

I
II
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KEYSTONE ENVIRONMENTAL RESOURCES- INC

TABLE OF CONTENTS PRODUCED ON O2/08/88 AT 10 :44 PAGE

SAMPLE ** SOURCE DESCRIPT DATE-COL DATE-REC QRD
38010125
88010126

SEEDED C0(.
RAW COL

TREATADILITY STUDY
TREATABIL ITY STUDY

0 1 / 1 1 / 8 8 0 1 / 1 1 / 8 8 M8801041
0 1 / 1 1 /88 0 1 / 1 1 / 8 8 M8801041

CM

CO
O
O

I
008126



II KEYSTONE ENVIRONMENTAL RESOURCES. INC

PRODUCED ON 02/08/88 AT 10 47 PAGE

ISAMPLE * RSLT LNE SOURCE

I
TOTAL ORGANIC CARBON
88Q10123 5 i TOC . . . . . . . . . . . . . . .
8SO10126 X T O C . . . . . . . . . . . .
OIL & GREASE. TOTAL RECOVERABLE-
38010129 Oil & Grea s e . mg/Kg . .
88O10126 Oi l £ Gr e a s e . mg/Kg .
TOTAL RECOVERABLE PHENOLICS <AS
S8O10125 Phe n o l , mg/Kg . . . .
38010126 Ph t n o l , mg/Kg
PHOSPHOROUS

. : 1. 53
. : 2 00

GRAVIMETRIC
. - . : 66. 7
. . . : 4830
PHENOL)
. . . : 31. 5

: 30. 8
88010123 Phosphorou s . mg/Kg . . . .

188010126 Pho s p h o r o u s . mg/Kg .
pH
88010129 So i l p H , un i t s . . . . . . .

198Q10126 So i l pH . un i ts . . . . . . . . .
TOTAL KJELDAHL NITROGEN
88010123 TKN a s N , mg/Kg . . . . . .

—38010126 TKN as N. mg/Kg .
•'. MOISTURE
•38010123 7. S o l i d s «103 C. . .

38010126 X So l i d s 3103 C. . . . .
I-1ETHYLENE CHLORIDE EXTRACTABLES

38010125 MeCl Ex trac tab 1 «s. mg/Kg
38010126 MeCl Ex trac tab Its. mg/Kg

: <10 0
<10 0

7 9A/ . TO
8 1Oo"

- 197
: 128
: 77. 9

HA 4QQ . 3

: 280
: 10400II1IIIII

The above r e su l t s are on *n as rece ived ba s i s

SEEDED COL
RAW CQL-
SEEDED COL
RAW CQL
SEEDED COL
RAW CQL
SEEDED COL
RAW COL
SEEDED COL,
RAW COL
SEEDED COL.
RAW COL-
SEEDED COL
RAW COL
SEEDED COL.
RAW COL

CM

CO
O
O
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•̂ ••IMMHHHBB
1

KEYSTONE
1 ——-——«„„„

™bf.fl SUMMARY OF METALS DAT

| SAMPLE tt RSLT LNE
TOTAL METALS

• ANTIMONY
88010125 Ant imony , ug/Ka

1 880 10 126 Ant imony . ug/Ka""ARSENIC * "9/*g
88010125 Ar s e n i c . u g/Ka

1 880 10 126 Ar s e n i c , ug/Kg
BERYLLIUM 8 *'
88010125 Be r y lUum , ug/Kg
88010126 Bery l l i um . ug/Kg "• CADMIUM «g/«g- -

• Q8010125 Cadm ium . ug/Kg
88010126 Cadmium. ug/Kg "1 CHROMIUM a 9

88010125 Chrom ium . Ug/Kf lCOPPER2 6 Chromi- « • / * • : :
I 88010125 Copp e r . ug/Ka
" 88010126 Copp e r . ug/Kg ' ""LEAD *" '
1 88010125 Lead , u g/Kg

88010126 Lead , u g/Kg 'MERCURY » - . . . .

1 88010125 Mercury . ug/Ka
88010126 Mercu ry , u g/Ka ' •NICKEL 8 3 ' •

188010 125 N i c k e l . ug/Ko
88010126 N i c k e l , uJ/Ki " ' 'SELENIUM *
88010125 Selenium, ug/KaIffiiSi26 s^-n*«- US/K!:::: :
88010125 Silver, uo/Ka
1 88010126 Si lver . ug/Ka "" •'

CATION1C EXCHANGE CAPACITY " '
88010125 Sod ium, ug/Ko

1 88010126 Sod ium, ug/Ko ' " -THALLIUM * 9

88010125 Thal l ium. U f e/Kg• uNc0126 Th*uiun' " 5 / K j : : : : ;
•88010125 Z i n c . ug/Kg """" -88010126 Z i n c , ug/Kg ' ' ' ' ;

ENVIRONMENTAL
saaassassssa-33

A PR
*===ss=aaa sa

; <6000
r <6000
. 38400
: 9480

<500
<500

: <500
' <500

22400
: 77600
- <2500
' 2530

4820
6450
<100
<100
<4000
<4000
<500
<500
<1000
<1000
63. 1
71. 5
< 1000
< 1000
73BOO1 dannn

•̂ •BBll̂ BBHHBBBl̂ iB

RESOURCES. INC»==a.==t3S(a,a=s=IM==saa=

ODUCED ON 02/08/88 AT 10 48 PAGE=««S3=ww,w:aaMasMa« =^L,
SOURCE -

SEEDED COL,
RAW COL
SEEDED COL
RAW COL. °°CM
SEEDED COL <r-
RAW COL. CO
SEEDED COL. ?
RAW COL.
SEEDED COL -
RAW COL
SEEDED COL.
RAW COL.
SEEDED COL.
RAW COL.
SEEDED COL
RAW COL.
SEEDED COL.
RAW COL.
SEEDED COL.
RAW COL.
SEEDED COL
RAW COL.
SEEDED COL,RAW eau
SEEDED COL.
SAW COL.
SEEDED COL ^I ar.

008128



11
TABLE 2:
=333S33a

• SAMPLE *• ————— _ —

KEYSTONE ENVIRONMENTAL RESOURCES. INCaa«sasas = !S — 9aamxs —— — ---

SUMMARY OF METALS DATA
=»«== ===««== = =»-«--,„„

RSLT. LNE

^— — ™»asaa

3a-3Bx*av

= »a»aa3= aaaassaas-sn-s-sa

PRODUCED ON 02/08/88 AT 1 0 . 4 8saaa««= = -MBS1 = a!saM!R33ssss3Ma[

SOURCE

PAGE
= -="

EPTOX METALS ——————— """ ~** —————— * ———
•
• ARSENIC

88010125
188010 126

BARIUM
88010125

188010126
CADMIUM
88010125
88010126

• CHROMIUM
• 88010125

88010126
1 COPPER

88010125
88010126

(LEAD
88010125
88010126
MERCURY

• 89010 125
• 88010126

SELENIUM
1 88010125

88010126
SILVER

1 88010125
88010126

Ars t n i c . mg/L. .
Arstn i c . mg/L .
Bar i urn. mg/L. .
Bar ium* mg/L.
Cadmium, mg/L.
Cadmium. mg/L.
Chromiumi mg/L . . . .
Chrom ium * mg/L.
Copp t r * mg/L. . . :Copp tr» mg/L . . :

Ltad . mg/L. . . . . . . .
Ltad * mg/L . . :

Mtrcury . mg/L. . . . :
Mtreury , mg/L.
S» l tn ium» mg/L, . .
S t Itn ium. mg/L. . . . .
Si Iv»r, mg/L. . .
S i lv»r, mg/L. . . . . . . . :

: <0. 500
: <0. 500

<0 200
<0. 200
<0. 005
<0 005
<0. 010
<0. 010
<0. 025
<0 025
<0. 100
<0. 100
<0. 0002
<0. 0002
<0. 500
<0. 500
<0. 010
<0. 010

. . ..... . . - „ - , . . . . . . . . : . . ; - . - .

. . . . . . . -^ . . , . . . , . . .._^-.i.^,,.._^ J..^^^^=...~, . . • . . . . . . -

SEEDED COL.
RAW COL.
SEEDED COL.
RAW COL
SEEDED COL.
RAW COL.
SEEDED COL.
RAW COL.
SEEDED COL -
RAW COL
SEEDED COL
RAW COL.
SEEDED COL.
RAW COL.
SEEDED COL
RAW COL.
SEEDED COL.
RAW COL

• "- - —
, , . . - •_» :•!,

a*
CM
v-
COoo

_ TCLP METALS
•ARSENIC

88010125
188010126

CHROMIUM
88010125

188010126
COPPER
88010125

.88010126
•B - ~~ii

Arttr i i c . rng/L. . . . .
Antnic. mg/L. . . .
Chromium. mg/L.
Chroiruuffli mg/L. . . . :
Coppt r , mg/L. . . . . . . . :Copptr , mg/L. . . . . . :

<0. 500
<0. 500
<0. 010
<0. 010
<0. 025
<0. 025

-
SEEDED COL
RAW COL.
SEEDED COL.
RAW COL.
SEEDED COL.
RAW COL-... . _ . . . . _ . _

- --
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KEYSTONE ENVIRONMENTAL RESOURCES,
XNC

Pag e - ;PAH

Samp l e ; 88010123
Date Co l l e c t e d
Datt Rec e i v ed

Date Ex t r a c t e d
Date An a l y z e d :

0 1 / 1 1 / 8 8
Ol/H/98

01/ 12/88
01/22/88

Source : SEEDED COL
"•"ration: TREATASILITY STUDY

Clean up Meth od
s i l i ca ge l c l ean-up
*Ur i s i i c l ean-up
* lumina c l ean-up
su l fur c lean-up .no

no

Polynuc l . a r Aromat ic Hydrocarbon ,

CO
O
O

Actnaphthene . . . . . . . . .
Ac*naphthyl tne. . . . . . . .
Anthracene. . . . . . . . . . . .
Btnio < a > anthracene. . . .
Oenzo (a)pyrene . . . . . . .
Bt n io (b ) f luoranthene. .
0«nio(g» h, i ) par y lent. .Benzo( ti > f luoranthen*. .
Chryien* . . . . . . . . . . . . . .
Dibenz (ah )anthracene. .Fluoranthene. . . . . . . . . .
Fluortn*. . . . . . . . . . . . . .Ind*no(l23"Cd Jpyreoe. .
Phenanthrene. . . . . . . . . .
Pyrent . . . . . . . . . . . . . . . .

1 30000
<1000
27300
13300
8220
11100
8100
3690
12700
7760
64800
33300
4010
126000
.104000

PMuIt,

t.st.d
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KEYSTONE ENVIRONMENTAL RESOURCES, INC

TABLE 3 SUMMARY OF PAH DATA
= 3S»*»=aj« = —.- — ___ **" ' "

Pag e - 5

Sample 33010126
Date Co l l e c t e d : 0 1 / 1 1 / 9 8
Date Re c e i v e d O l/ i

Date Ex t r a c t e d 0 1/ 12/89
Date A n a l y z e d : 01/22/93

Source RAW COL
Ot, c np t i o n : TREATAQIL ITY STUDY

Clean up Me t hod
'U i ca ge l c l ean-up , e jMoMs i l c lean-up ——**
alumina c lean-up „!!
•«"ur c l ean-up" ——J^ •no co

Oo
Aromat i c Hydrocarb ons

Acenaph t h e n e .
Acenaph t hy i e n e .
Anthracene . . . . . .
Ben z o ( a ) a n t h r a c e n e
Senzo ( a ) py r «n e
Ben z o < b ) f l u o r a n t h e n e . 'S en zo ( g , h ( i ) p t r y l t | n €SenzodOfluoranth .n .„. ~ ™ i |6nBne . .Chrysen * . . . . .
Dibenz (ah )«n thr * c en » ' 'Fl^oranthene . . . . .Pluorent . .
I nde n o < 123-cd)Pyr , n . : :rnenanthrene. .
Pyrsn » . . . . . . . . . ' " ' '

- : 670000
: <1000
• 107QOO
: 83800
: 43700
: 60700
- 90800
: 21600
- 67300
: 62100
: 272000
: 192000

41600
: 442000
: 387000

Other Polynucl *«r Aromat ic Compound* te s tedC a r b a z o i * . . . . . . . . . . . . . : 131000
NaphthaUne . . . . . . . . . . . ; 154000

the above results art repor t * * in
All PAH ident i f i ca t ions

u g/Kg .
from retent ion data on ly .
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KEYSTONE ENVtRQNMENTAL REgQURCES,

TABLE 4. SUMMARY OF PAH DATA
Page-

Samp l e 88010 123
Date Co l l e c t e d : O l/ i i / g e
Date Re c ewed : 01/u/se

Date Ex t r a c t e d 0 1/ 14/88
Date An a l y z e d : 01/20/83

I
I
I
I
I
I

Sour c e : SEEDED COL
Of* c np t i o n : TREATABILITY STUDY

Clean up Method
s i l i c a ge l c lean-up
f lor i s i l c lean-up
alumina c lean-up
su lfur clean-up

TCLP EXTRACT

il
iII

Polynuc l ear Aromat i c Hydrocarbons
A c e n a p h t h e n e . . . . . . . . . . 229
A c t n a p h t h y l * n # . . . . . . . . 206
Anthracene . . . . . . . . . . . . 24 . 2
B*n zo ( a ) a n t h r a c e n e . . . . 3. 76
B cm z o < a ) p y r en . . . . . . . . 1 . 3 3
Ben zo < b ) f l u o r a n t h e n% . . 2. 11
B e n z o ( g » h* i >pery lene. . 1. 83
B*nzo ( k ) f l uo ran t h en e . . 0. 739
Chryttnft . . . . . . . . . . . . . . 3 0 1
D r b e n z (ah )anthractne . . 1. 86
Fluoranthen* . . . . . . . . . . 23. 8
F l u o r e n e . . . . . . . . . . . . . . 190
!ndeno( 123-cd)pyren« . . 0. 912P h e n a n t h r e r t f f . . . . . . . . . . 220
P y r e n e . . . . . . . . . . . . . . . . 28. Q

Other Polynue lvar Aromatic Compounds tes tedCarbazo l * . . . . . . . . . . . . . : 1 6 . 3
N a p h t h a l e n e . . . . . . . . . . . : 3410

The above results are reported in ug/L .
All PAH iden t i f i ca t i on s are from retent ion data only.

COoo
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KEYSTONE ENVIRONMENTAL RESOURCES. INC

TABLE 4: SUMMARY OF PAH DATA
Pagt-

Samp l e : 880 10 126

iiiiiiiiiiii

Date Co l l e c t e d
Date Re c e i v e d

Oat* Ex t r a c t e d
Oat* An a l g z e d :

0 1 / 1 1 / 8 8
0 1 / 1 1 / 8 8

01/ 14/88
01/20/88

Sour c e : RAW COL.
Des c r i p t i o n : TREATABILITY STUDY

-Cl-ean Mtthod
s i l i ca ge l c l ean-up
f lons i l c l ean-up
alumina cfcean-up
su lfur c lean-up

.yes

.yes

.yes

.yes

TCLP EXTRACT

Polynuc l . a r Aromat i c Hydrocarbon *

CD
Oo

Acenaph t h e n e . . . . . . . .
Acenaphthy l en t . . . . . .
Anthracene . . . . . . . . . .
Benzo ( a ) a n t h r a c e n e .Senzo ( a >pyren«. . . . . .
f l e n z o < b ) f luoranthene .B e n z o < g , h, i )pery Itne
B e n z o ( k ) f luoranthene.
Di b en z( ah) anthracene.Fluoranthane. . . . . . . .
I n d eno ( 123-ed )pyr en » .Phenanthrtnv. . . . . . . . .

21 1
17 1
23. 0
2 .24
0. 607
O. 911
0. 616
0. 307
1. 80
0. 390
29. 3
188
0. 314
224
28. 8

Other Polynuc lear Aromat ic Compounds tes tedC a r b a z o l f t . . . . . . . . . . . . . : 130
N a p h t h a l e n e . . . . . . . . . . . : 2670

The •bp_v«_jr_»4jjUvj|rt_rj|portfd in ug/L .
All PAH ident i f i cat ions are from retent ion data onl

_
.-_-.--. TVJfffl

I
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APPENDIX A
ACTIVATED SLUDGE TREATMENT PROCESS:

SUMMARY OF CASE STUDIES

A i Operating Conditions
A2 Performance Data

cooo

II
I Reference Keyatone Environmental Resourc**t Inc., Internal Data Base,

Keyetone Environmental Resources, Inc., a subsidiary of
Koppers Covpany, Inc., Monro«TiLlet PA.

III TECHNOLOGY DESCRIPTION
ACTIVATED StUOGE

008134
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I

I

I

I

I

I

I

Hydraulic Retention Time (HRT):
Solid Retention Time (SfcT):
Mixed Liquor Temperature:
pH Control (Mixed Liquor);
Mixed Liquor Dissolved Oxygen:
Recycle Ratio (Recycle: Influentjs
Nutrient Addition (N,P):

1 - lOdays
20 - iflo days
20 - 3Qoc
^ • 5 - 7 . 5 units
3 - 3 mg/l
UP to 2.0
As required

Performance data for all 19 cases wai obtained from Keystone
Environmental Resources internal data base^). This data base has been
developed from data collected by Keystone during the past 10 years.

in

COoo

A-I
TECHNOLOGY DESCRIPTION 10ACTIVATED SLUDGE
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I

I
A2

DATA

COoo

IIII
III

TECHNOLOGY OESCRIPTTOMACTIVATED "
A-2
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KEYSTONE ENVIRONMENTAL RESOURCES.

SUMMARY PAH DATA

Sample 88020338
Date Co lU c t t d : 02/10/S8
Oat* Rec c i v t d : 02/1 1/88

INC
- 2

Sourc t : SR AN WATER
D«»cr lp t iQn: ^SLURRY REACTOR

D*t» Ex t ra c t ed ; 02/12/80
D«tt Ana l y z » d : 02/24/89

Cltan up M
clt«n-<

I
I

I

I

I
I

.no
elt«n-opcU.n-up'

oo
Polynuc l«4r Aromat ic Hydrocarbon *
Actnaphthtnt . . . . . . . . . . 84. 5
Ac«n«ph « hy l o n t . . . . . . . . INTERFERENCEAnthr*»con«. . . . . . . . . . . . 8. 39
8tnz0< * )«nthrac »n * . . . . 3. 46Btnzo<«)pgr *nt . . . . . . . . 1 . 39
St n?o ( b ) ̂ luoranthent. . 2. 03
8* n z o < g t hi i >p«ry l»n*. . 3. 33
B«nzo(k)^luor«nthtnt. . 0. 773C h r y s e n t . . . . . . . . . . . . . . 3 . 19Oibtnz <«h >*mthr«c«nt. . 4. 29
PrluoT*anth*n«. . . . . . . . . . 19. 7
Fluortna. . . . . . . . . . . . . . 43. 0In4tno(i23-cd)pyr«nft. . 3. 62
Phen«nthrtn«. . . . . . . . . . 72. 4

. . . . . . . . . . . . . 17 . 1

Pol«nucl««r Aromatic Compounds ttttfltfQ l » . . . . . . . . . . . . . : <2. 00Nap f t t h « l « n « . . . . . . . . . . . : <2.00

rttuttt -re r »port.d In uf l/u .
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III KEYSTONE ENVIRONMENTAL RESOURCES, INC.
^•^•^^•^•^•^•^•^^^•^•^•^•^•^•^•^B v VB^%^BM^B^W*-W ̂ f-^ ̂ •^•^•H .• *c ̂ •^•^•"vi^B^iJwv «§m^^ jt mv

TABLE 1: SUMMARY OP ANALYTICAL DATA PRODUCED ON 01/27/88 AT 16:20 PAGE

I SAMPLE * RSUT.LNE SOURCE

• 88010186 pH, unit*. . . . . . . . . , . : 7. 4 SR WATER

iiiiiiiiii

00oo

ii
008138
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KEYSTONE ENVIRONMENTAL RESOURCES. *NC
P«g»-

TABLE 2: SUMMARY OF PAH DATA

Samp It : 83010186
Datt Co l l t c t t d :
Data Rcct ivtd :

Datt Ei tract td
Datt Ana l y x t d :

01/13/38
01/13/88

01/14/88
01/20/83

Sourc * : S« WATER
Dt*cr ipt ion: TREATABILXTY STUDY

Cl«an up Htthod
t i l lca gt l c lt <n-up ./u» *
Moris i l c ltan-up ua*
«lumln« cloan-up __gtisulfur clt«n-up - _July««

IIIIIII

00
O
O

Polynuc l tJir Aromat i c Hydrocarbon*
Actnaphthtfnt. .Actnaphthy Itne.Anthractnt . . . . .
8tn io <« Jpyrtnt . . . . . . .
B«n io <b ) f luor«nthen«.
Btn i o < g j h* i >p«ryl»n«.Btniodi) Muoranthtnr
Chryttna. . . . . . . . . . . . .
Dibtn i <«h)<anthrac«nt.Fluoranthtnt. . . . . . . .

47. 5
73. 6
8 .83
3. 61
1. 121 . 6 4
1 .22
0. 374
3,93
1 .34
29.3
39 .0
0.964
64.8
39 .8

Ofchtr Polgnuc laar Arowatlc Compound* t t » t *dC a r b a i o l t . . . . . . . . . . . . . ; 9O. 6
. . . . . . . . . . : 1910

ii
Th« abcvt rtaulta art rtportad in ug/L .
All PAH ident if icat ions 4m from rtttntimi data only.

008139



IIIIIIIIIIIIIIIIIII

APPENDIX 13
SECTION 2

FINAL SOIL AND GROUNDWATER RESULTS
O

CD
O
O
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II KEYSTONE ENVIRONMENTAL RESOURCES* INC.

TABLE OF CONTENTS PRODUCED ON 03/02/98 AT 10:30
ma mmmmmmmmmmmmmmmmmmmmawtmmmmmmm *ats.

SAMPLE » SOURCE OESCRtPT DATE-COL DATE-REC ORD

iiiiiiiii

iiii

88020339
86020340

SR AER 30IU
SR AN SOIL

SLURRY REACTOR
SLURRY RfASTOR

03/10/68 02/11/88 H8302099
02/10/89 02/11/88 H8802059

00
Oo
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I

ENVIRONMENTAL RESOURCES. INC.

SAMPLE ft RSLT. LNE
X MOISTURE
8*3020339 X Sol id * «103 C
88020340 ft Sol id * tiQ3 CpH
98020339 Soi l pH. unit *
Q8020340 Soi l pH, unit * ! '

74. i
77.6

7.22
7.33

SOURCE

SR AER SOIL
SR AN SOIL
SR AER SOIL
SR AN SOIL

Tht abovt rt *u lt i art on an at rtct ivtd bat i * CM

CO
O
O
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KEYSTONE ENVIRONMENTAL RESOURCES* INC
Page- I

TABLE 2: SUMMARY OF PAH DATA

Samp It: 38020339
Date
Date

Co l l e c t e d :
Rece ived :

Date Ex t r a c t e d :
Date Analy ied :

02/10/88
02/11/^3

02/13/88
02/24/88

Source: SR AER SOIL
Descr i p t i on ; SLURRY REACTOR

Clean up Method
s i l ica gel eltan-up i/ U«
flor is i i eUan-up
alu«ina clean-upsulfur clean-up __g««

no
.no

oooo
Polynuclear Aromatic Hydrocarbonsiiii

Acenaphthene. . . . . . . . .Accnaphthylene. . . . . . .
Anthracene. . . . . . . . . . .
Benxo(a >an thracene . . .
Ben20<a ) p g r e n a , . . . . . .
B e n x o < o ) f luoranthene.
B e n x o < g * h . Dperglene.Ben s o < f c ) f luoranthene.
Chrgtana. . . . . . . . . . . . .Dibenx <ah)anthracene .Fluoranthene, . . . . . . .
Fluorene. . . . . . . . . . . . .
Phenanthren*.
Pyrsne. . . . . . .

2460OO
<100O
74200
9990O
23OOO
3S200
38OOO
1360O
6O40O
73200
240000
10300O
26200
220000
234000i

i
Other Polgnuclear Arocatic Cowpoundt tested
C « r b * x o l * . . . . . . . . . . . . . : 6940N a p h t h a l e n e . . . . . . . . . . . : 6230

i
The above results are reported in ug/Kg .
The above results are on an as received basis .
Ail PAH identifications are from retention data only.
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KEYSTONE ENVIRONMENTAL RESOURCES. INC
P«gt- 2

TABLE 2:
ammmmmmi

SUMMARY OF PAH DATA

Sample: 88020340
Date Co l l e c t e d : 02/10/88
Date Rece ived : 02/U/88

Sourct : SR AN SOIL
Descr i p t i on : SLURRY REACTOR

Date Extrac ted
Data Analysed:

02/13/88
02/24/88

Clean up Method
si l ica gtl clean-upMoris i l clean-up
alumina eiean-up
sulfur tlsan-up

/
.no.
.no

cooo
Aromatic Hydrocarbon*

Ac * n « p h t h « n v . . . . . . . . .
Ac »n«phthg l«n« . . . . . . .A n t h r a c e n e . . . . . . . . . . .
Benzo < a ) a n t h r a c e n e . . .
B e n z o < a ) p y r e n e . . . . . . .
Ben io <b ) f luoranthene .B e n z o <0 < h * Dperylene.
Benzo(k) * luoranthone.C h r y » e n e . . . . . . . . . . . . .
0 1b e n z ( a h >anthracene.F i u o r a n t h e n e . . . . . . . . .
F l u o r e n a . . . . . . . . . . . . .
?ndenoi l23-cd)pyrene.P h e n a n t h r e n * . . . . . . . . .
P ^ r e n c . . . . . . . . . . . . . . .

499000
7390
210000
163000
96700
80200
99800
30000
160000
110000
963000
368000
42600
1060000
928000

Other Polynuclear Aromatic Conpoundt tefttedC a r b a z o l e . . . . . . . . . . . . . : 11100N a p h t h a l e n e . . . . . . . . . . . : 3170

The above results are reported in
The above results are on an as received basis.
Ail PAH identifications are froa retention data only
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II KEYSTONE ENVIRONMENTAL RESOURCES. INC

TABLE OF CONTENTS PRODUCED ON 03/02/88 AT 10:30 PACE

I
I
I
I
I
I
I
I
I
I
I
I

SAMPLE ft
88020337
88020338

SOURCE
SR A£R UATER
SR AN WATER

DESCRIPT
SLURRY REACTOR
SLURRY REACTOR

DATE-COL DATE-REC ORD *
02/10/88 02/1 1/88 M8802038
02/10/88 02/11/88 M8602038

COoo

II
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KEYSTONE ENVIRONMENTAL RESOURCES. INC.
• •MMW*IB«BaVM*W3WMMS3W*X««:Baiaa«aSSHBVMMM

TABLE 1: SUMMARY OF ANALYTICAL DATA PRODUCED ON 03/02/88 AT 10 :3 1 PAGE

SAMPLE » RSLT LNE SOURCE
pH
88020337
88020338

pHi un i t s .
pHi unitt .

7. 4
7. 3

SR AER WATER
SR AN WATER

COoo
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KEYSTONE ENVIRONMENTAL RESOURCES* INC

TABLE 2: SUMMARY OF PAH DATA
Page-

Sample: 08020337
Date
Bate Co l l e c t e d

Rece ived:

Date Ext ra c t edDate Ana l y z ed :

02/10/88
02/U/89

02/12/83
02/24/38

Sourct : SR AER WATER
Dticr ipt ion : SLURRY REACTOR

Clean up Method
s i l i ca gel c ltan-up
flori » i l c lear>-upalumina clean-up
flullur clean-up

ge*,y«* .no
.no Is*"
.no <^t
,no ^_

00
O
O

Paiynuc l tar Aromatic Hgdrocarbont
Actn«phth«ne.

Binzo < * ) *n thr«ctnf . .B«nto < * )pur tne . . . . . .
B t n i o < b >B t n i o ( g » h
Chryttne .

Fluortnt. . . . . . . . . . . .lnd»no(123-cd)pyrtn«.
Pyren*.

273
33. 3
42. 0
16. 3
3. 20
4.8 1
2.93
1 .8 1
14 .3
4.63
S3. 9
133
1. 77
167
69. 4

Other
CarbaNaphthalene .

Aromatic Compounds tt«ttd. . . . : <a, 00. . . . ; 12. 3

Th« above result * are reported in ug/U
All PAH idtnti*ic«tionf are fro« retsntion data only.
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III

Case i: Tar Plant
Process WaatewaterPilot-Scale Unit

Parameter

PHenohcs
Phenols (* *AAP)

General Analytes
Total Organic Carbon

Influent Effluent

550 0 . 1 3

2150 120

Percent
Removal

99 9S?7 < 7O

9 * . < » 2

NOTE; All /alues in mg/1 unless otherwise noted.
CO

IIIII A-3
TECHNOLOGY DESCRIPTION 10
ACTIVATED SLUDGE
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IIII
2: r^ Plant

Process Vastewater
Laboratory Bench-Scale Unit

GeneraJ -\nalytes
Organic Carbon

All values expressed in anl«$» otherwise noted.

I CO
O
O

i
^TECHNOU>GV DESCRIPTION 10ACTIVATED SLOCOS
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Case 3* Tar Plant
Process WastewaterPilot - Scale Unit

Parameter

General Inorganics
Ammionu-S
C>amde - Total

Metals
"Arsenic
Copper
Lead
Nickel
Selenium-*f

Mercury
Pur/eable \fomaticsBenzene, ug/t
Phenolici

Phenols (4-AAP)Phenol
Pol^nuclear Aromatic Hydrocarbons^ ue/1

FiuoreoePhenanthrene
AnthracenePyrene
8 en z(a )an t hr aceneChfysene
Benz(b)fluorantheneFluorantheneNaphthalene

General AnalytesTotal OrgamcCarbonOil and Grease

Influent
__

3 3 . 5370
1 , 5 4

0.4Q4
3 . 3
0 . 0 6
0 .03
0 .0360 .70
0.0022

5

(041
250

14
3210
5 . 1
0.93
0.53
0 . 2

1 1 2
33

1409
24

Effluent

< I
< I

0 . 1 3 51 . 2
0 . 0 5
0 . 3 2
0 . 3 1 3
1 . 6

< 0 .002

3

< 0 .005
Q . C 0 1

0 . 2 5
0.30
0 . 3 00 .4
0 .3
0.2310
0 .20

1 16
6

PercentRemoval
^™*— — — . i

> 93. S7
> 9 9 . 7 3

66 .33
6 3 . 7 1
1 6 . 6 7
( * )
( * )
( * )

> 9 .02

40

99*
99*

9 3 . 2
9 7 . 5
9 8 . 09 4 , 1
57 .9
4 5 . 5
( * )9 1 . 0 7
99 .4

9 1 . 7 7
7 5 . 0

O
LA

eooo

NOTE: AH /alues expressed in mg/1 unless otherwise noted.< - Indicates detectable limit
'*> - Denotes an increase in concentration from influent to effluent. This maybe due to analytical anomalies at low concentration levels or variations ininfluent and effluent concentrations due to time lag across the treatmentsection.

A-3 TECHNOLOGY D2SCRIPTIOH 10
ACTIVATED SLUDGE
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Case 4i todustnal Speciality Chemical PlantProcess WwtewaterPilot-Seal* Unit

PSenois (a-AAP)
*• 77 0 . 7 3

Genera!
Total Organic CarbonOH and Grease .,.„;3Jus

NOTE; All /alues expressed in mg/l unless otherwise noted.
< - Indicates detectable limits

9 9 . 7 3

3 3 . 3 39 Q . 7 |

00oo
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Cose 3; Coke
Proceu WaitewaterPilot-Scale Unit

IIIII

Parameter

C«-«Mi iw^mcs
Aimnoma-N
Sitrjte
C.ai-ic * - Tau,

id^arA.e

Me ul*
Mercury
Zinc

Touene
Phenolic*

Phtrtotl (4-AAP)Phenol - Total
Potyiucteir Aromatic, Hjdrocarljon) (yc/i)AcenapfunyieneAccnapntneneFluorine

AnthraceneFluor an tfvme
8«nz(a)AmhractneCh/yttne
&tnzo(k)Flijoranthene8«ftzo(a)Pyrtn*
0(Mnzla,b)Anth/actn40eir3<e,h(t]Ptfyl«ne
.Napntnalene

General AnAlytn
Oil and CretM
Total Or|anic CarbonTotal Oisttivtd Soltda

Inlluent

II3I
1 . 4 9

2 0 7 . 3
* Z9 . 3

1 .C61
0.00014
0 .2J

7 6 . 3
U

310

Ul
33

192330130OO
910
2 19
192
1 1»2^33117 )
«!.*7

«.•«
903

MM

EUlueni

».«
2 J . 2 S

0 . 3 6
1 . 3

a °L0 (MQ4t
3 l l2

GOL ( IS )
QOL U3)

0.39

0 .260 . 1 40.2«0. 13
0 . 1 2
1 . 7 7
1 , 1 )
O.JO
Q.6 )
1 1*2
0 .74
I .M
0 . 2 3
1 . 2 3
( . 10
1 . 2 3

3.) *
61 .3 *

Percenttlemovai

99.6*
9 9 . 3 9
99. »

'26.^n.n

99.
99.

99.97
99 .97

99. 14
99 .7 1
99.U
99. 14
99 .92
99 .39
99. S|
99 .6 )
99 .44
99 .26
99, J)
99 .2999 .34
99 .24
39. 11
9 9 . 3 2

9 2 . 7 5
91 .2239 . 1 1

NOTE I All vtJUM «iprttMd in mg/1 ufllot otherwise nottd*
C*l

SOL - Below Detection Itm.*.

Otnott* in i.icrt«« in concentration trom tnflutiit (o tUlutnt. This maybi due to anaiyticaJ aiwmaJit* at lo« conctntrauon lf*«n or variations ininilutnt and effluent conc«ntrauon« due to time lai across the trtatmtnt

CMin
T—
00oo

II
A-7 TECHNOLOGY DESCRIPTION 10

ACTIVATED SLUDGE
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Cas« 6s Coke PlantProcess Vastewater
Pilot-Scale Unit

Parameter

General Mor^amcs
Ammonia- \
NitrateTmocyanatesCyanide - Total

P.henolics
Phenols (4-AAP)

General Anal/iesTotal Organic CarbonOil and CreaseTotal Dissolved Solids

Influent

33 .331 .3369.9
2 * 1 .3

33ft

326.9
17 .34

369.9

Effluent

68*26
1 . 39
2.96

O.tt

67. U3.S
i .39

PercentRemoval

93.30( * )
99.76
93. 77

99.93

9 1 . 33
66.33
99.76

NOTE: All values expressed in mg/l unless otherwise noted.
(*) - Denotes an increase in concentration from influent to effluent. This maybe doe to analytical anomalies at low concentration levels or variationsm influent and effluent concentrations due to time la& across thetreatment sectjon.

00
o
0

A-S
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I
I
II
I
I
II
I
II
1
•

•

I
I

Case 7! Wood Treatment plant
P roc- u Wastewater
Laboratory B«m*-Scale U

—————————————————————
Parameter

Ce-crj j r- 'or-a^iCJ
A.-nmonji-N
Nitrate

Pufxsab'e Aromatic * , (uc/t)8e."zene
Tsiuene

P^enoiiCS
Pftenols (4-AAP)Phenol

Polynucleir Aromatic Hydrocarbons, (tAcenapnthylene
AcenaphtheneFiudrene
PhtnanthrentAnuvactne
Fluor an ttxne
Pyr«ne
8en2oU)Anthrac*n«Chrxitnt
Bcn2o(b}Fluor«nth4fl«
8en2o(k)Fluoranthcnc8cnzo(a)Pyr«n*
Oio«n2oU,h}Anthrac<ntBcn^o(g,h,i)p«ryl«n«
lnoe*oU,2J-ctd}Pyr«ntNa^ntnalent

Metal i
Nicwi -TotalZinc - Total

G«n«r&l AnaJytfi
Oil vid Grt a«Total Organic CarbonTotal Oi«o4ved Soltdi

NOTCi Ail value* «xpr«u«d in mg/e uruv» uu«rwi«i <t«i«g.

nit

Influent

16
U _

31
30

S9.60
73

'«/'>
26

494
333t S47

76
1093
766
23*
143
S3
33
34
S

36
298

0 . 1 3
0.30

96, *769
1121

EHluent

19
„ . . . . . . - ...-...- -&• 5 . .

SOU
SOL

t .37
OOL

0.601 .50 .9
I . S
0 .6

39.0
IS. 7
23. 114
13.4
10. 1
13.6
1 .2
6.1
3.3
0.40

&OL . 1 1
n,6171

44*

Percent
Removal

(*)-. <* i

-
4i ?<i7e • *"#

97.69
99.64
99. S3
99.90
99 .2 1
94 .6 1
97 .36

' 90. 1390.34
SI. IS
SO. 94
SI. 43
S3. 00
S5.12
S4.72
99.37

63 .3

60.04
77.74
60.22

*3ir\
^—
00oo

-

unless otherwise noted*
(*) - Q«not«s an increuc in concentration (rain injlucnt to effluent. This maybe dttt to analytical */kom*JtM at low concentration leveJi or wiauons mtnjfluent and eUtuent concidtrauons du« to tune lag across the treatmentsection.
BDL - Below Defection Limit<

A-9 TECHWOLOOV DESCRIPTIONACTIVATED SI^JDOE 10
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Caw 1: Vood Treatment Plant
Process Wutewater
laboratory Bench Scale Unit

Parameter

C*"«-3i ("or^amcs
A.-nrficnii - N
Ni t ra c e
C/ani< je - Total

Metal* ' — -— " "Arsenic
Iron

Pur^eable ^romancs
BenzeneToluene

P^e i lOt lCS
Phenols - (4-AAp)
Phenol

Polynuclear Aromatic Hydrocarbons, (ujt/l)Acenaphthylene
Acenaphthene
Flucrene
PhenanihrentAnthracene
Pyrene
BenzoU)anthraceneChryjine
Q«nzo(b}Ftuoranthene
QenzotklFluoranthencBenzo(a)pyrert«
Oibenzo(a»n)«nthraccne
Benzo(gth(i)perylene(ndeno ([,2,3-c,d)pyrene
Naphthalene
Ftuoranthene

Ceneral Analytea
On and Gr«a*eTotal Organic Carbon
Total Dissolved Solid*

Influent

2 1 . *
1 . 9 5
0 .36

0 .03
27 .CO

1 1
1 1

9 1 . 1 9
45

52
37S
705

! £ 171 WJ fc
166
522
183
(56
73
50
74

7
35
32

(331
862

79.71
1028
1307

Effluent

IS
0 . 5 7
0 . 0 4

0 . 0 5
1 7 , 5 3

BOL
BOL

0 . 1 7
BOL

0.7
1 . 7
1 .2
3 .5
0 .9

25 .6
9.1
8 .017. 1

. 0 . 4
15.3

E . 4
3.2
3 . 5
1 .327

12.0415 1
739. J

Percent
Removal

1 7 . 9 4
HO, 00
3 3 . 3 3

M
3 i . 39

*
•

99.81

93.63
99. 1 1
99.33
99 .67
39.46
9 5 . 1 0
95. 16
9 4 . 8 7
76.53
79 .20
79.63
80 .00
76.57
S9.36
99 .47
96.37

S4.89
3 3 . 3 0
56.30

.LTl
LA
^~
00oo

NQTEl AU valuta Axgr«u«d in m|/l wiles* otherwise not«d.
an incr««M in concentration lror'» influent to effluent. This_ b* due to analytical anomalies at low continuation levels orvariation* in influent and «ffluent concentration* due to tun* lag acrossthe trafttment lection.

BOL - Below Detection Limit.

A-10
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II1I

Case 9: tfood Treatment PlantProcess Vastewater
Laboratory Bench Scale Unit

Parameter Influent Effluent Percent
Removal

Phenolics
Phenols - ( *-AAP)

General ^nalytes
Oil and Crease
Total Or^amc Carbon
Total Dissolved Solids

1 3 5 . 2 5

38 .35
386 .87
608 .55

0 , 0 9

2 1 . 5 1
1 1 2 . 5 4
3 6 0 . 1 5

9 9 . 9 3

7 0 . 9 1

ii
NOTE; All values expressed as

ITS

COoo

i —TECHNOLOGY DESCRIPTION 10
"ACTIVATED SLUDGE

A-il
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III

10: Wood Treatment Plant
Process Wastewater
Laboratory Bench Scale Unit

Parameter
PhenoUcs
Phenols - (0-AAP)

GeneraJ Analytes
Oil and Crease
Total Organic Carbon
Total Dissolved Solids

U3.25 0 . 0 3 99 ,98

NOTEs All values expressed as mg/1,

38.85
386.87
608 .55

8. 13
5 7 . 0 9

510.55
79. C7
85.24
16 . 13

- --

r*-tn
00
Oo

TECHNOLOGY DESCRIPTION 10
ACTIVATED SLUDGE A-12
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Case 11; Industrial Products Plant (Tar)
Process VastewaterFull Scale Unit

Parameter
Phenohcs
Phenols- (4-AAP)Pnenol

Polynuclear Aromatic Hydrocarbons, (ug/l)Acenaphthene
FJuoranthene
8enzo(a)anchraceneBenzo(a)pyrene
Benzo(k)fluoranth«neChrysene
AcenaphthyleneAnthraceneFluorene
PhenanthrenePyrene
Naphthalene

Purxeable Aromatics, (ugyBenzene
TolueneXylene

General AnaJyics
Total Organic Carbon

Influent

219
209

< 93
SOL

< 93
Ul
221
350

10300

3540
6920
9900

1 1 6 4

NOTE:

Effluent

0 .23
.003

SOU
9

< 42
30

< < 2 1< «

BOC*«
10
1

3
3

57

PercentRemoval
—— ——— -

99 .79
9 9 . 9

9 5 . 7
^ 5 4 . 3 4

(*)
> M

^ 5 4 . 3 4
. 98 .3
^ 99 .06

99.06
9 3 . 6
9 9 . 9

99 .9
99 .3
9 9 . 4

— - - • - - •

COtnt—
COoo

94.59

All values expressed in mg/1 unless otherwise noted.
(*) - DenotM « (—*--— ;-Denotes an increase in concentration from influent to effluent. This may

be due to analytical anomalies at low concentration levels or variations ininfluent and effluent concentrations due to time lag across the treatmentsection.
80L * Below Detection Limits.

Indicates detectable limit.

i-I3 TECHNOLOGY DESCRIPTION 10ACTIVATED SLUDGE
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III

U: Industrial Products Plant (Tar)Process Vastewatcr 'Pilot Plant Unit

General InorganicsAmmonia - N
Thiocyanate
C/amde - Total

Phenolic*
Phenols - (4-AAP)

General Analytes
Oil and Crease
Total Organic Carbon

NOTE: All values expressed in mg/l.

_ TECHNOLOGY DESCRIPTION 10ACTIVATED SLUDGE

3 7 . 3 0 . 3 2 99. u

COoo

008159
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Thiocyanate
Cyanide - Total

P^enolics
Phenols - (4-AAP)

General Analytes
Oil and Grease
Total Organic Carbon

253
33 .7

0 . 8 1

3 * . 3

9 13

NOTE; values expressed in mg/1

5 , 4 9
0.96
0 .54

0 , 3 1

5 .92

A-1J
TECHNOr >̂3V
ACTIVATED StODGB

9 7 . S 3
9 3 . 9 2
3 3 . 3 3

9 9 . 3 9 O

9 3 . 4 9 * -
95 .00 CD

O
O

10

008160



I
I
i

iiii

Caw Industrial Products Plant (Tar)Proceis WastewaterPilot Plant Unit

General Inorganics
Arnmoma - N
Thioc/anate
Cyanide - Total

Phenotics
Phenols U-AAP)

General AnaJytes
OiJ a/id Grease
TotaJ Organic Carbon

NOTE; All values expressed in mg/1
( * ) -

199
' 1 16

Kl

33 . 1

37 1
973

0 . 3 9
0 . 9 1
1 . 1 3

0 . 3 3

6 .9
57

9 9 . 2 2
( * )

9 9 . 0 0

93 .79
9 4 . 1 7

COoo

TECHNOLOGY DESCKIPTIOW 10• ACTIVATED SLUDGEi A-16

008161



I
Case 15: Product,

Proowi WutewaterPHot ScUe Unit
(Tar)

11
1

IIiI

Parameter Influent Effluent
General Inorganics - —

Ammonia - N 155 2, 19
Thiocyanate " " " " " "77.2 ICyanide - Total 0 .33 0.31

Phenolics
Phenols - (»-AAP) V,7 0.56

General AnaJytes
Oil and Grease 53 .2 5.5Total Organic Carbon 836 59.1

NOTE: All values expressed in mg/1.

Percent
Removal

9 3 . 5 8
98.7:
U)

qo -, •>7o . 4 <

33.72
92.93

CM
^
T-
00
Oo

(>) - Denotes an increase in concentration from influent to effluent. This ma/
be due to analytical anomalies at low concentration levels or variation in
influent and effluent concentrations due to time lag across the treatmentsection.

A-I7
TECHNOLOGY DESCRIPTION ;o
ACTIVATED SLUDGE
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Industrial Products Plant (Tar)Process Wastewater
Pilot Scale Unit

ii
i
ii

General fnorxanics
Ammonia - N
Thiocyanate
Cyanide - Totai

Phenolics
Phenols - (»-AAP)

General Analytes
Oil ar : Grease
totai Organic Carbon

NOTE: All values expressed in

105u;o

O.H 9 S . 7 J

CO
O
O

TECHNOLOGY DESCRIPTION 10ACTIVATED SLUDGE
A-1S
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Case I7t Industrial Products Piant (Tar)Process VutewaterPUot Scale Unit

Parameter
QgneraJ Inorganics

Ammonia - NThiocyanate
Cyanide - Total

Phenoiics
Phenols - (4-AAP)

Qene.rai Analytes
Oil and Crease
Total Organic Carbon

Influent

3 13
LOS

1 . 1 2

26 .2

6 1 . 3
1 130

Effluent

0.33

0 .26

4 . 3 7
40,3

Percent
Removal

9 9 . 1 9
(0

99. G3

9 2 . 3 7

NOTE: All values expressed in m
(*) » Denotes an increase in concentration from influent to effluent. This may

be due to analytical anomalies at low concentration levels or variations ininfluent and effluent concentrations due to time lag across the treatmentsection*

\C

CO
Oo

A-19
TECHNOLOGY DESCRIPTION 10ACTIVATED SLUDGS
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Case IS* Industrial Products Plant (Tar)
ProceM VastewaterPilot Scale Unit

Parana ter
General Inorganics

Ammonia - N
ThiocyanateCyanide - Total

Phenalics
Phenol

General Anal^tes
Oil and Grease
Total Organic Carbon

Influent

207
- --—— -... 52 .6

0 . 3 1
.
2*. 6

60
1370

Effluent

82 .7
0 . 5 1 6
0 . 6 1

0 . 23

< 559.&0

PercentRemoval

6 0 . 0 5
77 t\i£( * )
93. S6

> 9 1 . 6 7
55 .66

NOTE; Ail values expressed in mg/L
(*) - Denotes an increase in concentration from influent to effluent. This may

be due to analytical anomalies at tow concentration levels or variations ininfluent and effluent concentrations due to time tag across the treatmentsection.
* - Indicates detectable limit.

in
\C
T—
COoo

IIII
TECHNOLOGY DESCRIPTION 10
ACTIVATED SLUDGE A-20
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Case 19: Industrial Products Plant (Tar)
Process f astevaterPilot Seal* Unit

IIIaiii
ii

Parameter
General Inorganics s — '

Ammonia - N
Thtocyanate
Cyanide

Phenolics
Phenols - (4-AAP)
Phenol

Purgeable Aromatics, (uff/Dbenzene
Toluene
Xylene

General Analytes
Oil and Grease
Total Organic Carbon

Polynuclear Aromatic Hydrocarbons. (u*/l)
Acenaphethene
Fluoranthene
S«nzo(a)anthraceneChrysene
Acenaphthylene
Anthracene
FluorenePyrene

-"" ' '" i I. i .1
Influent

™.*Jla
0 . 8 1

20 .9
1 2 . 5

5350
5570

1UOO

2 1 . 3

337
3ft 1

S 235
235
25ft

* 1 2 1 5
3ftt
213

Effluent

267
2
1 . 3 3

0 . 3 5
0 .003

< 1
2

. 1 2

< 5
616

BDL
BDL
BDL
BD1

< I
< 2

BDL
BDL

•̂•̂ ^^ •̂•̂ MH^^^^^^PsrcentRemoval

6 . 3 2
9 7 . 9 8
( * )

9 3 . 3 3
99 .9

> 99 .9
99.6
99.3

> 76 . 53
5 7 . 3 1

> 99 .6
> 99 .3

NOTE: All values expressed in mg/i unless otherwise noted.
increas* in concentration from influent to effluent. This may• «i an*'ytic*i anomalies at low concentration levels or variations ininfluent and effluent concentrations due to time lag across the treatmentsection.

BDL - Below Detection Limit.
< - Indicates Detectable Limit*

CO
O
O

I TECHHOLOGV 08SCRIPTIOM 10
A-21
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